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Abstract: The Urtsadzor section, typical for the Paleocene-Eocene of Southern Armenia, is composed of hemipelagic to shelf succession.
Planktonic foraminifera (PF), larger benthic foraminifera (LBF), and nannofossils were studied from Priabonian sediments of Urtsadzor
section that enabled direct correlation of the biohorizons of these three groups. We present here the results of the microfossil study
from the Bartonian and Priabonian parts of the section, with a special focus on larger and smaller benthic foraminifera (SBF). The 350
m thick studied interval corresponds to the planktonic foraminiferal zones P12/E10–11 to P15/E15, the nannofossil zones NP16 to
NP19, the LBF zones SBZ17 to SBZ19, the SBF zones Heterolepa eocaena – Cibicidoides landjaricum, Cibicidoides truncanus, Planulina
costata. The SBZ17 zone is characterized by the lowest and highest occurrences (LO and HO) of Nummulites ptukhiani and corresponds
to P12 and NP16–17/CNE14–15 zones. The upper boundary of SBZ17 and that of the SBZ18A/B subzones are missing. The SBZ18C
subzone, identified by the LO of Heterostegina reticulata multifida accompanied by the LOs of Pellatispira,Biplanispira, and Nummulites
hormoensis, lies within P15/E14 and NP18–19 zones. The LBF is represented by 40 species of nummulitids, orthophragminids,
pellatispirids, as well as Silvestriella, Fabiania, Chapmanina, and Sphaerogypsina. The SBF assemblages contain more than 50 species.
The transition from SBZ18 to SBZ19 in the studied section includes the following bioevents: 1. The highest common occurrence of N.
maximus, HO of D. discus, and LOs of D. pratti minor, A. alpina, and Silvestriella; 2. The lowermost rare occurrence of Spiroclypeus, LO
of H. reticulata mossanensis; 3. The lowermost common occurrence of N. fabianii and Spiroclypeus. The Bartonian-Priabonian boundary
in this section, defined by the LO of Chiasmolithus oamaruensis, falls to the lower part of P14 and E14 zones, Cibicidoides truncanus zone
of SBF, and between SBZ17 and 18C zones of LBF.
Key words: Benthic foraminifera, nannofossils, planktonic foraminifera, zonal biostratigraphy, middle-late Eocene, Armenia

1. Introduction
In the last decade, the extensive study of the stratigraphic
ranges of the Bartonian and Priabonian stages activated
the search for new criteria for the definition of the
boundary between these stages in terms of nannofossil
and foraminiferal zonations, aside from lithological
(Tizian ash layer) and paleomagnetic criteria (Agnini et
al., 2011; Costa et al., 2013; Less and Özcan, 2012; Cotton
et al., 2017; Özcan et al., 2019a). The nannofossil markers
include the lowest occurrence (LO) of Chiasmolithus
oamaruensis, defining the base of the NP18 zone, and the
base of Cribrocentrum erbae acme (Agnini et al., 2011). The
planktonic foraminifera (PF) criteria comprise the highest
occurrence (HO) of large acarininids and Morozovelloides

(the base of E14 zone) (Wade et al., 2011). The larger
benthic foraminiferal markers are the LO of Heterostegina
reticulata and Pellatispira in the SBZ18 zone (Less and
Özcan, 2012).
The Eocene sediments of Southern Armenia,
represented by the alternation of shallow and deep-water
sediments, are rich in various microfossils: planktonic
(PF), smaller (SBF) and larger benthic foraminifera (LBF),
nannofossils, dinocysts, and rarely, radiolarians that provide
direct correlation of planktonic and benthic bioevents
and zonations. Recently, foraminifera, nannofossils,
and dinocysts were studied from the middle Eocene to
the lowermost Oligocene in Landzhar and Urtsalandzh
sections, southern Armenia (Shcherbinina et al., 2017;
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Zakrevskaya et al., 2017). The Priabonian nannofossils,
planktonic and LBF bioevents, were correlated with the
magnetostratigraphic record in the Urtsadzor section
(Cotton et al., 2017), where the stratigraphic range chart
of LBF was compiled for 5 levels and SBZ18 and SBZ19
zones were correlated with PF and nannofossil zones. The
Bartonian microfossil assemblages of this section have
neither been revised until now nor described at species
level and the position of the boundaries of this stage in the
section is still conjectural.
The aim of this paper is the integrated study of LBF,
SBF, PF, and calcareous nannofossils in the Bartonian
and lower Priabonian parts of the Urtsadzor section with
special focus on the Bartonian/Priabonian transition.
Special attention is paid to the larger benthic foraminifera
because contrary to LBF assemblages of the Eastern Ebro
Basin in Spain, where the stratigraphic range of SBZ18
zone includes the early Priabonian (Costa et al., 2013)
and this interval of the section is covered by nonmarine
sediments, in the Urtsadzor section and other localities of
southern Armenia the LBF assemblage of the SBZ19 zone
is abundant and diverse, and the transition from SBZ18 to
SBZ19 zones is gradual. In contrast to the Baskil section in
Turkey (Özcan et al., 2019a), the LBF record of Urtsadzor
section displays the absence of SBZ18A and B subzones,
caused by the deep-water sedimentation in this time,
whereas the SBZ18C subzone and SBZ19 zone are well
represented. We also give a relatively detailed description
of SBF for a paleogeographic reason.
The isolated specimens described and figured in
this paper are stored in the Collection of Invertebrates
of the Vernadsky State Geological Museum of the
Russian Academy of Sciences, Moscow, Russia, labeled
by specimen numbers lacking a letter prefix, whereas
the figured specimens prefixed by “E” are stored in the
Eocene collection of the Mining and Geological Survey of
Hungary (Budapest), a successor of the former Geological
Institute of Hungary.
2. Historical background
The Urtsadzor section has been studied and described
under different names: Vedi, Chimankend (the old name
of Urtsadzor village), or Urtsadzor (Gabrielyan, 1964;
Ptukhian, 1979; Grigorian, 1979, 1986; Krasheninnikov
et al., 1985; Hayrapetyan, 2009). The first integrated
study of microfossils from this section was made by
Krasheninnikov et al. (1985).
2.1. Larger benthic foraminiferal biostratigraphy
The detailed biostratigraphy of the Armenian Paleogene
is based on nummulitic horizons: regional lithobiostratigraphic units, corresponding to auxiliary units
– beds with fauna or marking horizons or abundance
zone in stratigraphic nomenclature. Seven horizons, first

established by Gabrielyan (1955, 1957, 1962) were later
attributed to five nummulitic zones, usually with three
horizons (Nummulites millecaput, Discocyclina, and N.
fabianii retiatus) in the N. fabianii zone of Priabonian
(Gabrielyan, 1962; Grigorian, 1986; Krasheninnikov and
Ptukhian, 1986). The nummulitids and orthophragminids
of these horizons and zones were described by Gabrielyan
(1964) and Grigorian (1961, 1979, 1986), and remarks on
the genus Nummulites were given by Ptukhian (1979) and
Krasheninnikov and Ptukhian (1986).
In the Bartonian to middle Priabonian of the
Urtsadzor section, the N. perforatus, N. millecaput, and
Discocyclina horizons, or two zones were recognized
by the above-mentioned authors (Figure 1). The most
complete taxonomic description of LBF from these
horizons outcropping in the vicinity of Urtsadzor village
was given by Grigorian (1986). She described 12 species
of nummulitids and Pellatispira madaraszi. The unique
species of orthophragmines (Orbitoclypeus varians) can be
identified from the photographs in Grigorian’s monograph
(1986).
Gabrielyan (1955) initially attributed the “Giant
nummulites horizon”, including the beds with N. perforatus,
to the middle Eocene. Later, he distinguished a transitional
horizon with N. millecaput, which he later transferred to the
horizon with N. millecaput of Late Eocene age (Gabrielyan,
1962, 1964). It should be emphasized that the horizon with
N. millecaput was considered to be corresponding to the
Auversian Stage and a special step in the LBF evolution
(Gabrielyan, 1957). The criteria for the definition of
this horizon according to all these authors were the
cooccurrence of the middle Eocene giant Nummulites (N.
millecaput, N. perforatus, and N. gizehensis) and the upper
Eocene LBF, such as N. fabianii, Assilina (Operculina)
alpina, as well as “the Priabonian genera” Heterostegina,
Pellatispira, and Spiroclypeus. Later, the age of the
ancestors of both Heterostegina reticulata (H. armenica)
and N. fabianii (N. hormoensis) were reevaluated as having
been restricted to the SBZ18 zone (Less and Özcan, 2012),
whose major part (according to Agnini et al., 2011) is
correlated with the lower part of the Priabonian. Recent
studies (Cotton et al., 2017; Zakrevskaya et al., 2017) also
showed that the N. millecaput horizon lies already in the
Priabonian (Figure 1).
Usually, a unique (2–5 m thick) layer of nummulitic
limestone in the Urtsadzor section is automatically
attributed to N. millecaput horizon (Gabrielyan, 1964;
Krasheninnikov et al., 1985). However, Grigorian (1979)
considered this horizon as the 35–50 m thick marl unit
with two layers of nummulitic limestone. She denoted
that the B generation of N. millecaput occurs only in the
upper layer of the limestone that is confirmed by our study
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Figure 1. The middle-upper Eocene larger benthic foraminiferal, planktonic foraminiferal, and nannofossil biostratigraphy, based on
previous work in the Urtsadzor section.

(Cotton et al., 2017). According to Grigorian (1986), the
LBF of the Discocyclina horizon differs from the LBF of
underlying sediments by the low total abundance and
the disappearance of larger Nummulites, the occurrence
of N. bouilleiand Discocyclina veronensis. The uppermost
Eocene N. fabianii retiatus horizon is not found in the
Urtsadzor section.
2.2. Planktonic foraminiferal and calcareous nannofossil
biostratigraphy
In the southwestern part of Armenia, Sahakyan-Gezalyan
et al. (1967) pioneered the subdivision of the Paleogene
sediments on the basis of a small benthic and planktonic
foraminifera study. In the Paleocene-Eocene of the Vedi
section, they established 13 zonal assemblages of PF. A
description of 40 species of SBF and PF from the Paleogene
and Neogene of Yerevan basin was given by SahakyanGezalyan (1957). The most recent Paleocene and Eocene
zonation of PF and nannofossils for key Armenian sections
was first proposed by Krasheninnikov et al. (1985). The
Paleogene SBF of Armenia have been investigated by
Hayrapetyan (1996, 2009), who elaborated a regional
zonation (Cotton et al., 2017; Figure 5). The correlation of
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previous microfossil zonations for the Urtsadzor section is
shown in Figure 1.
3. Materials and methods
The present work is based on the study of 100 samples
collected from different intervals of altogether 350 m
thick sediments cropped out on the hills of the Vedi River
valley. The outcrops represent three exposures of variable
thickness that are separated by unpaved roads of NW and
NE directions. These short-distance exposures are easy
to correlate due to marker nummulitic layers. Samples
for micropaleontological study were collected with an
interval of 1.5 to 4 m in clayey deposits and from each
hard lithified bed for petrographic study. Only isolated
specimens of foraminifera were studied for systematic
identification. LBF were studied from 20 samples, SBF
from 67 samples, planktonic foraminifera and nannofossils
from 47 samples. PF and SBF were extracted from the
powdered rock by the standard method including boiling
with sodium bicarbonate and washing out through a
sieve with 100 and 250 μm cells. The study of nannofossil
assemblages was based on 47 smear-slides prepared with a
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standard preparation technique (Bown and Young, 1998)
using polarizing light-microscope Olympus BX-41. The
LBF were identified in equatorial sections and prepared
by splitting or thin sectioning. The external view was
also considered for species determination of Nummulites,
Operculina, Spiroclypeus, Silvestriella, Fabiania, and
Chapmanina. About 90 oriented thin-sections of larger
foraminifera were prepared from isolated tests for
systematic identification. Standard biometric data for
nummulitids, pellatispirids, and orthophragminids (for
details, see Zakrevskaya et al., 2011) are summarized
in the Tables. For classification of LBF, we used the
classification of Schaub (1981) for large radiate and
granulate Nummulites, that of Özcan et al. (2010) for
reticulate Nummulites, those presented in papers by
Nemkov (1967), Blondeau (1972), Herb and Hekel (1975)
for small radiate Nummulites, the classification of Less et
al. (2008) for Heterostegina and of Less and Özcan (2008)
for Spiroclypeus, and the morphometrical classification of
Less (1987, 1998) for orthophragminids. In the specific
identification of most PF genera, we followed the Pearson
et al. (2006) classification. The genera of SBF were
identified according to genus descriptions of Subbotina
et al. (1981) and Bugrova (2005); their specific definition
was made mainly according to Ozsvárt (2007). The
stratigraphic subdivision of the section was made using
standard nannofossil zonations of Martini (1971), Okada
and Bukry (1980), and Agnini et al. (2014). Assemblage
biozones were used in SBF zonation (Bugrova, 2005;
Koren’, 2006), the standard Tethyan shallow benthic
zonation with Oppelian zones (Papazzoni and Pignatti,
2017) in LBF zonation (Serra-Kiel et al., 1998; Less and
Özcan, 2012), and the standard tropical/subtropical
zonation with mainly interval zones in PF zonation (Wade
et al., 2011).
The petrography of hard rocks was studied in thinsections. A mineralogical study was carried out for samples
from Arpa and Azatek formations. The description of
textures according to Dunham (1962) classification was
used.
Acronyms for biozones and bioevents are as follows: NP,
Paleogene calcareous nannofossil zones of Martini (1971);
CP, Paleogene calcareous nannofossil zones of Okada and
Bukry (1980); CNE, Eocene calcareous nannofossil zones
of Agnini et al. (2014); P, Paleogene tropical/subtropical
planktonic foraminiferal zones; E, Eocene tropical/
subtropical planktonic foraminiferal zones (Berggren and
Pearson, 2005; Wade et al., 2011); OZ, Orthophragminid
zones for the Mediterranean Paleogene of Less (1998);
SBZ, shallow benthic foraminiferal zones for the Tethyan
Paleocene and Eocene (Serra-Kiel et al., 1998 with the
additions by Less et al., 2008). LO, lowest occurrence of
the taxon, HO, highest occurrence of the taxon.

4. Geological setting
The collision between Eurasian Plate and South Armenian
Block (a continental plate of Gondwanian origin) in the
Late Cretaceous formed the Amasia-Stepanavan-SevanHakari suture zone situated in the Alpine-Himalayan
orogenic belt. This collision was followed by the formation
of a foreland basin in the southeastern part of Armenia
accompanied by erosion of the uplifted suture zone. The
lower Eocene nummulitic limestones unconformably
onlap the Paleocene series, obducted ophiolites, and
Paleozoic basement. The Paleocene-Eocene boundary
corresponds to a tectonic inversion of the basin at the
onset of the “hard” collision of Arabian–South Armenian
Block and Eurasian continents (Sosson et al., 2010). The
carbonate sedimentation of the early Eocene fore-arc stage
in the S Armenian basin was followed by increased volcanic
activity in the middle Eocene. The Eocene magmatic rocks
were formed under an extensional tectonic regime, which
is evinced by marine transgression, the formation of a
sedimentary basin in the newly formed trough (Sahakyan
et al., 2017b).
The studied area is located in the Shagap Syncline
(Figure 2), an asymmetric basin filled by 1500 m thick
Paleogene sediments. The middle Eocene-Oligocene
piggyback basin was formed by slope sediments,
controlled by gravitational processes with turbidite
deposition (Sahakyan et al., 2017a). The elongated form
of the Shagap basin was controlled by the thrust and
reverse stress regime, dominating from the beginning of
collision, complicated by strike-slip faulting and reverse
faults of north dipping (Avagyan et al., 2018). The mosaic
sedimentation of this partly isolated basin with continuous
input of terrigenous material was affected by volcanism.
5. The lithology of the middle-upper Eocene sediments
in the Urtsadzor section
The base of the studied part of Urtsadzor section is
exposed 1.6 km northward from Urtsadzor village
(GPS 39°56′20.5″N and 44°49′31.0″E) and continues
southward crossing the northern slope of Shagap Syncline.
The continuous succession is built up of 1200 m thick
Paleocene and Eocene sediments. The ca. 350-m-thick
studied interval of this section (Figures 3–5 and 6A) is
represented by the middle to upper Eocene Arpa (upper
part), Azatek, and Urtsadzor Formations. Lithologically,
they are presented by marlstones and siltstones with
intercalations of carbonate sandstone and limestone layers.
The upper part of the Arpa Fm. (Figure 3, samples
IV.47–45) is composed of alternating greenish-grey
middle to fine-grained carbonate volcanoclastic
siltstones and uneven-grained sandstones (5–25 cm).
The sandstones consist of volcanic and sedimentary rock
fragments with rare organic material and low content of
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Figure 2. (A) Map of the Lesser Caucasus area. (B) Geological map of the northern margin of the Ararat depression in SE Armenia
(modified from Avagyan et al., 2018). Key: TIGR. TB, Tigranashen tilted block; ARM. TB, Armash tilted block; KV-SPF, Khor Virap
– Sari Pap fault; LF, Lanjanist fault; UF, Urzaberd fault; VF, Vank fault; UAF, Urts-Aghbyur fault; TF, Tigranashen fault. Key for
stratigraphic ages: Studied area in the square on geological map (B). 1. Recent – late Quaternary; 2. Late Quaternary; 3. Late Pliocene –
early Quaternary; 4. Late Oligocene – early Miocene; 5. Late Oligocene – early Miocene; 6. Early Oligocene; 7. Late Eocene; 8. Middle
Eocene; 9. Early Eocene; 10. Paleocene; 11 Santonian; 12. Late Coniacian – early Santonian; 13. Cenomanian – Turonian; 14. Middle
Jurassic – early Cretaceous; 15. Early Triassic; 16. Permian; 17. Early Carboniferous; 18. Late Devonian; 19. Late Oligocene – early
Pliocene volcanics.

carbonate material in cement. The calcareous siltstones
are rich in nannofossils; PF and mostly agglutinated SBF
are rare. The assemblage of PF allows attributing this
unit to the P12 zone. The greywacke layer, consisting of
quartz, plagioclase, volcanic and sedimentary rock debris
(fragments of radiolarite) set in fine-grained carbonate
matrix, occurs in the upper part of Arpa Fm.
The transition between the Arpa and the overlying
Azatek Formations (Figure 6B) is gradual and marked
by the increase in the volume of carbonate material.
The Azatek Fm. includes two units. The lower unit
represents flyschoid sediments (Figure 3, samples IV.44–
35), consisting of volcanic and carbonate siltstones with
intercalations of carbonaceous coarsely grained sandstones
rich in remnants of benthic foraminifera, including LBF
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(nummulitids, orthophragminids) of SBZ17 zone (Figure
6C), mollusks, bryozoans, and ostracods. The observation
in thin-sections revealed the debris of volcanic rocks,
volcanic glass, chlorite, and glauconite grains. Trace fossils
and bioglifs in sandstone and siltstone indicate a lower
offshore shelf.
The upper unit of Azatek Fm. (Figure 4, samples
IV.34–01) is composed of hemipelagic marlstones rich in
calcareous microfossils and containing volcanic glass on
the top (samples IV.06–01). The intercalation of 10-cmthick coarsely grained carbonate sandstone, containing
rare planktonic and benthic foraminifera, bryozoans, and
red algae in the lower (sample IV.31a) and upper (sample
U13189) parts of this unit corresponds to the episodes
of the shallowest environment. The rich nannofossil and
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Figure 3. The upper middle Eocene lithological succession of Urtsadzor section and main bioevents among planktonic foraminifera
(PF), large benthic foraminifera (LBF), nannofossils (NN), and small benthic foraminifera (SBF). The unit with a series of nummulitic
limestones corresponds to N. perforatus horizon. 1 – marl, calcareous clay; 2 – calcareous siltstone; 3 – carbonate sandstone. Beds with
LBF are marked in red.
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Figure 4. The middle and upper Eocene lithological succession of Urtsadzor section and main bioevents among planktonic foraminifera
(PF), large benthic foraminifera (LBF), nannofossils (NN), and small benthic foraminifera (SBF). The unit with nummulitic limestone
corresponds to N. maximus horizon. 1 – marl, calcareous clay; 2 – calcareous siltstone; 3 – carbonate sandstone; 4 – limestone. Beds
with LBF are marked in red.
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Figure 5. The upper Eocene deposits (Urtsadzor Formation) in the Urtsadzor section. 1– calcareous clay and siltstone; 2– marl; 3 –
limestone; 4 – sandy limestone; 5 – carbonate sandstone. The NP and E zones are shown after Cotton et al., 2017. LRO– lowest rare
occurrence; LCO – lowest common occurrence.
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Figure 6. Field photos from the Urtsadzor section. A – the studied Bartonian-Priabonian interval; B – the approximate boundary
between the Lutetian and the Bartonian (Arpa and Azatek formations); C – the lower Azatek Formation, SBZ17; D – the Urtsadzor
Formation, the lower bed of limestone with N. maximus; E – the Urtsadzor Formation, the upper bed of limestone with N. maximus.
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planktonic foraminiferal assemblages identified from
this unit (see below) indicate the NP17, NP18, P14, and
P15 zones of the Bartonian-Priabonian. The hemipelagic
marlstone of the upper unit is superposed by the
nummulitic limestone of the Urtsadzor Fm. (Figure 5).
The Urtsadzor (formerly Chimankend) Fm.
is represented by marls or clayey siltstones with
intercalations of 0.2–3-m-thick layers of nummulitic
limestones. The giant Nummulites are present in the lower
limestone layers of 0.2–2.5 m thickness (Figures 6D and
6E) considered as the N. maximus horizon (formerly
horizon with N. millecaput or N. millecaput horizon).
This horizon is covered by ca. 150 m thick unit (samples
VI.26–38) consisting of marlstones with intercalations of
foraminiferal limestone, which is known under the name
“Discocyclina horizon”. The limestones of the Discocyclina
horizon include more abundant mollusks, bryozoans,
and orthophragminids. The red algae and LBF, such as
Silvestriella and Sphaerogypsina, are common in this
formation.
6. Results
6.1. Planktonic foraminifera
To continue the recent study of the Priabonian PF of
Urtsadzor Fm. (Cotton et al., 2017), we focused our
research on the Azatek Fm. and the upper part of Arpa
Fm. The Bartonian and Priabonian PF assemblages
of the Urtsadzor section show rare warm-water taxa,
such as Acarinina, Morozovelloides, and Hantkenina
(Pearson et al., 2006), abundant Subbotina, Turborotalia,
Dentoglobigerina, common or scarce Globigerinatheka
(Figure 7). They are poorly preserved in the Arpa Fm. and
in the lower part of the Azatek Fm., as well as in the lower
part of the Urtsadzor Fm., but they are well preserved in
the marls of the middle part of the Azatek Fm. The highest
PF diversity and presence of warm-water taxa are observed
in the lower part of Azatek Fm.
Three biozones were identified in the studied interval
of the section: P12/E10–11, P14/E14, and P15/E14. We
did not find Orbulinoidesbeckmanni, the keyspecies of the
P13/E12 zone in this section (Figures 3, 4, and 7).
The PF assemblage of the P12 zone (samples IV.47
to IV.37) is characterized by the occurrence of common
muricate forms, including Acarininabullbrooki (Bolli),
A. topilensis (Сushman), Morozovelloides crassatus
(Cushman), М. bаndyi (Fleisher), as well as rare
Hantkenina liebusi Shokhina, H. dumblei Weinzierl et
Applin, sporadically common Globigerinathekids and
Subbotinids. In the upper part of the zone, the tests of
Turborotalia pomeroli Toumarkine et Bolli appear. Taking
into consideration the HO of A. bullbrooki, we tentatively
place the top of the P12zone at the level of sample IV.37.

Upsection (samples IV.36 to IV.28), the PF assemblage
consists of abundant large Subbotina and various
Globigerinatheka. The LO of Turborotalia cerroazulensis
(Cole) is found at this interval. Not a single specimen of
Orbulinoides beckmanni, the marker of the P13/E12 zone,
was found here. Therefore, we consider this part of the
section as a transition from P12 to P14 zone.
The base of the P14 zone is established in accordance
with the LRO of Hantkenina alabamensis Cushman and
the lowest common occurrence (LCO) of T. cerroazulensis
in the sample IV.28. In the GTS, the standard P14
zone is considered as corresponding to the E13 zone
(Vandenberghe et al., 2012). However, in the studied
section, the boundary of E13/E14 zones, corresponding
to HO of Morozovelloides, was established below the P14
zone. Thus, the P14 zone has to be correlated with the E14
zone.
The LRO of Globigerinatheka semiinvoluta (Keijzer)
in sample IV.05 indicates the base of the P15 zone. Other
associated species of the lower part of this zone between
its base and N. maximus horizon include Turborotalia
cerroazulensis, T. pomeroli, Hantkenina alabamensis,
abundant large Subbotina, and rare Dentoglobigerina.
According to a previous study of PF assemblages (Cotton
et al., 2017), the sediments of P15/E14 zone cover the
interval from the lower nummulitic limestone of the N.
maximus horizon (sample VI.01) to the lower part of
Discocyclina horizon (sample VI.29). The base of the E15
zone is defined by the HO of G. semiinvoluta. The interval
of this zone covers the uppermost part of the studied
section (up to the sample VI.38).
6.2. Calcareous nannofossils
Nannofossil assemblages are found in all studied
samples, showing minor variations in total abundance
and species diversity along the section and a gradual
decrease in both parameters towards the top of the
studied interval. Nannofossil preservation varies from
moderate to poor due to heavy corrosion of coccoliths
at some levels. The assemblage is widely dominated by
reticulofenestrids (Reticulofenestra and Dictyococcites),
cool-water Chiasmolithus are very rare, the warm-water
Discoaster (Aubry, 1992) are continuously present, but
never reach high abundance, and many specimens are
hardly identifiable at the species level due to their poor
preservation. Another warm-water taxon Sphenolithus is
also very rare (except for S. moriformis) and the scarcity or
absence of some stratigraphically important species (e.g., S.
spiniger and S. obtusus) causes uncertainties in comparing
the section with the zones of Agnini et al. (2014).
Nannofossils are nearly absent in the low-calcareous
mudstone at the base of the studied interval of the section
(sample IV.47, see Figures 3 and 8). The relatively poor
nannofossil assemblage of the carbonate sandstone (sample
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Figure 7. Planktonic foraminiferal range chart of the Urtsadzor section. Index-taxa are shown in bold.
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Figure 8. Nannofossil range chart of the Urtsadzor section. Nannofossil preservation: m – moderate;p – poor. Nannofossil abundance: abundant:> 5 specimens per field
of view (f.v.); common 1–5 per f.v.; few: several specimens in the row of f.v.; rare: several specimens in the smear-slide.
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IV.46) contains Reticulofenestra hillae, R. umbilicus, small
Dictyococcites (D. scrippsae), and Cribrocentrum erbae,
suggesting the CNE14 zone of Agnini et al. (2014).
Cribrocentrum reticulatum, the marker of this zone, shows
its LO at the same level as the LO of Dictyococcites bisectus
(sample IV.45), the marker of the base of the Bartonian
CNE15 zone, near the base of Azatek Fm. The absence
of C. reticulatum in the lower interval may be caused by
both the total scarcity of nannofossil assemblage and the
taphonomic bias.
The highly calcareous siltstones and clays of Azatek
Fm. contain relatively diverse nannofossil assemblages
(Figures 8 and 9). The cooccurrence of the species listed
above indicates the interval of NP16–17 zones of Martini
(1971) and CP14 of Okada and Bukry (1980). The absence
of Chiasmolithus solitus and Discoaster bifax does not
permit the identification of CP14 subzones. Sphenolithus
furcatolitoides shows its HO above the LO of Dictyococcites
bisectus later than indicated in Agnini et al. (2014). The
same record is found in some sections of NE Peri-Tethys
(personal observations of E. Shcherbinina). As noted
above, Sphenolithus obtusus is scarce in the lower part of
the Azatek Fm. Its HO in sample IV.38 may approximately
indicate the base of CNE16.
Few important bioevents are recognized in the upper
part of Azatek Fm. (see Figure 4). The ca. 18 m thick
interval of the Cribrocentrum erbae acme, corresponding
to the CNE17 zone is observed between samples IV.29 and
IV.25. The LO of Chiasmolithus oamaruensis, marking the
base of the NP18 zone, is documented within this interval
(sample IV.26) and the HO of Chiasmolithus grandis,
which is a marker for the base of CP15, corresponds to its
top. The marker of the base of the NP19 zone and CP15b
subzone Isthmolithus recurvus is found in the lower part
of the Nummulites maximus horizon (Cotton et al., 2017).
6.3. Smaller benthic foraminifera
The regional SBF zonation of Hayrapetyan (1996) was
improved during the study of Paleogene in the Landzhar
area (Zakrevskaya et al., 2017). We performed an accurate
study of SBF in Urtsadzor section with the purpose to
define the composition of SBF assemblages, to identify
units of zonal range, and to correlate them with the
zonation established in the Crimea and Caucasus area of
the Peri-Tethyan basin.
The SBF are consistently present in the studied
succession. Besides SBF and PF, the washed samples
contain radiolarians (Figure 10), shark teeth, fish
remnants and otoliths, ostracods, echinoid spines, sponges
(sample IV.10), and bryozoans (sample IV.05). The zonal
boundaries of the SBF zonation are marked by significant
changes in the species composition, but LOs and HOs of
index-taxa species do not always exactly correspond to
them.
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In the lower part of the section (Figure 10), SBF are
found in all samples collected from siltstones, marls, and
calcareous clays, where they compose from 0.5%–2% to
7.5%–12.8% of all shells in the sample and only sample
IV.24 displays a much higher (47%) content. In the upper
part of the section (samples VI.01–29), the SBF show wide
variations in abundance from unique specimens to 50%
and more.
The high total SBF species diversity includes ca. 37
genera (Figure 11). However, the exact number of genera
and species cannot be defined due to bad preservation. The
secreted, mainly hyaline SBF dominate (up to 90%) over
agglutinated foraminifera; their taxonomic composition is
more diverse.Tubular forms (Bathysiphon, Rhabdammina,
Rhizammina, Hyperammina, Dendrophrya, Ammodiscus,
Glomospira, Haplophragmoides) are common among the
agglutinated foraminifera.
Three biostratigraphic units (Lutetian-Bartonian
Heterolepa eocaena – Cibicidoides landjaricus zone,
represented by Paragaudryina dalmatina beds, middle
Eocene Cibicidoides truncanus zone, late Eocene Planulina
costata zone) identified in the Landzhar area (Zakrevskaya
et al., 2017) are recognized in the Urtsadzor section.
Paragaudryina dalmatina beds are recorded in
the uppermost Arpa Fm. and lowermost Azatek Fm.
(samples IV.47–36). The top of these beds coincides
with the HO of the marker species and with the LO of
Cibicidoides truncanus (Figure 10). The preservation of
the SBF shells is mainly poor; many of them are dissolved,
filled by calcite, and deformed. The SBF assemblage
contains common agglutinated forms and includes
Paragaudryina dalmatina (Liebus), Pseudogaudryina
pseudonavarroana (Balakhmatova), Trochammina aff.
Deformis Grzybowski, Marssonella sp., Ellipsodimorphina
subcompacta Liebus. Most of the taxa identified in this
interval are found upsection: Cornuspira angigyra (Reuss),
Repmanina charoides (Parker et Jones), Asanоspira sp.,
Haplophragmoides spр. (including Haplophragmoides sp.
1 with a large coarsely-grained shell containing seven
chambers), subspheric Trochammina sp.1 with four
chambers, Vulvulina haeringensis (Gümbel), Dorothia
fallax Hagn, Marssonella traubi Hagn, Karreriella
subglabra (Gümbel), Clavulinoides kruhelensis (Woicik),
Pyrgo spр., Pleurostomella spр., Cibicidoides grimsdalei
(Nuttall), Heterolepa eocaena (Gümbel), Osangularia
pteromphalia (Gümbel), Falsoplanulina ammophila
(Gümbel), Siphogeneroides elegans (Hantken). The SBF
assemblage of Urtsadzor section is featured by lower
species and generic diversity than that from Landzhar and
Urtsalandzh sections – neighboring sections of a typical
area of P. dalmatina beds.
Cibicidoides truncanus zone. The base of this zone
(Figures 3, 4, and 10) corresponds to the LO of the marker
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Figure 9. Microphotographs of nannofossils from the Urtsadzor section. Scale bar is 10 µm. 1–24: cross-polarized light; 25–28: parallel light. 1 ‒
Chiasmolithus grandis (Roth and Hay, in Hay et al.) Bukry, sample IV.32; 2 ‒ C. oamaruensis, sample IV.23; 3 ‒ C.eoaltus Persico and Villa, sample IV.29;
4 ‒ C. solitus (Bramlette and Sullivan) Locker, sample IV.06; 5 ‒ Reticulofenestra lockeri Müller, sample IV.23; 6 ‒ R. dictyoda (Deflandre in Deflandre and
Fert) Stradner in Stradner and Edwards, sample IV.10; 7 ‒ R. hillae Bukry and Percival, sample IV.42; 8 ‒ R. umbilicus (Levin) Martini and Ritzkowski,
sample IV.39; 9 ‒ R. wadeae Bown, sample 13205; 10 ‒ Cribrocentrum reticulatum (Gartner and Smith) Perch-Nielsen, sample IV.40; 11 ‒ C. erbae
Fornaciari et al., sample IV.29; 12 ‒ C. isabellae Catanzariti et al. in Fornaciari et al., sample VI.23; 13 ‒ Dictyococcites stavensis (Levin and Joerger) Varol,
sample IV.10; 14 ‒ D. bisectus bisectus (Hay, Mohler and Wade) Roth, sample IV.19; 15 ‒ D. bisectus filewiczii (Hay, Mohler, and Wade) Wise & Wiegand in
Wise; 16 ‒Dictyococcites ? sp.: circular to subcircular Dictyococcites-like placolith with high flared plug, sample IV.07; 17 ‒ D. scrippsae Bukry and Percival,
sample IV.34; 18 ‒ Bicolumnus ovatus Wei and Wise, sample IV.23; 19 ‒ Sphenolithus pseudoradians Bramlette and Wilcoxon, sample IV.44; 20 ‒ S. radians
Deflandre in Grassé, sample IV.44; 21 ‒ S. strigosus Bown and Dunkley Jones; 22 ‒ S. spiniger Bukry, sample IV.44; 23 ‒ S. cuniculus Bown, sample IV.47;
24 ‒ S. furcatolithoides Locker, sample IV.44; 25 ‒ Discoaster barbadiensis Tan, sample IV.34; 26 ‒ D. saipanensis Bramlette and Riedel, sample IV.23; 27 ‒ D.
nodifer (Bramlette and Riedel) Bukry, sample IV.14; 28 ‒ D. tanii Bramlette and Riedel, sample IV.08.

909

910
ZAKREVSKAYA et al. / Turkish J Earth Sci

Figure 10. Distribution of smaller benthic foraminifera and radiolarians in the Urtsadzor section. A – Ammodiscus; C – Cornuspira. The Bartonian/
Priabonian boundary is given after LO of Ch. oamaruensis. Index-taxa are shown in bold.
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Figure 11. Generic diversity of smaller benthic foraminifera in the Urtsadzor section.
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species and turnover in the composition of SBF assemblage.
In this interval, the SBF species diversity increases, and
secreted foraminifera dominate over agglutinated. The
latter are present by long-lived taxa including tubular
Bathysiphon, Rhabdammina, among others. The SBF
preservation is moderate and abundant radiolarian shells
are also found.
Many taxa show their LOs in this interval: Cibicidoides
truncanus (Gümbel), Schenckiella sp., Spiroplectammina
dalmatina (de Witt Puyt), Orthomorphina rohri (Cushman
et Stainforth), Chrysalogonium tenuicostatum Cushman
et Bermudez, Сh. longicostatum Cushman et Jarvis, Ch.
lanceolatum Cushman et Jarvis, Robulus depauperatus
(Reuss), Marginulinopsis fragaria (Gümbel), Valvulineria
wittpuyti van Bellen, Heterolepa pygmeaformis Kraeva,
Bulimina tuxаpamensis (Cole), B. truncana (Gümbel),
Globobulimina aff. pacifica Cushman, Nodosarella
subnodosa (Guppy), N. eocaena Hantken, Uvigerina
hispida Schwager, U. eocaena (Gümbel), Siphogeneroides
elegans (Hantken.), small Bolivina spp. Among the latter,
rare B. dilatabiliformis Chalilov, B. concavosuturata
Chalilov, B. aff. Subchlamida Chalilov, described from
the middle Eocene sediments of Azerbaijan (Khalilov,
1967) and occurring in the Bartonian Kuma Fm. of the
NE Peri-Tethys, are identified. The SBF taxa found in the
C. truncanus zone of the Urtsadzor section are known
from the Mediterranean middle Eocene (Hagn, 1954,
1956; Grűnig, 1985; Ortiz and Thomas, 2006). In the
Landzhar section, this interval corresponds to Р14 zone
and lies below the FOs of the markers of Р15 and NP18
(G. semiinvoluta and Ch. oamaruensis, respectively). In the
Urtsadzor section, the base of NP18 is found at the lower
level (Figure 4), and thus the upper part of this zone lies
in the Priabonian, although there is no large change in the
SBF assemblage at this level.
The occurrence of Nuttallides florealis (Nuttall),
Eponides (=Oridorsalis) umbonatus (Reuss), Gyroidinoides
gyrardanus (Reuss), Osangularia pteromphalia (Gümbel),
Heterolepa eocaena (Gümbel) along with Cibicidoides
grimsdalei, Falsoplanulina ammophila, and uniserial
nodosariidsin the middle Eocene of Urtsadzor section
likely suggests a paleodepth of 200 to 700 m (Ortiz
and Thomas, 2006; Živkoviс and Glumac, 2007) that
corresponds to the upper bathyal to upper middle bathyal
zone after Morkhoven et al. (1986).
Planulina costata zone. The base of this zone corresponds
to the LO of the marker species, Robulus limbosus (Reuss), R.
arcuatostriatus (Hantken), Pleurostomella acuta Hantken,
Heterolepa dutemplei (d’Orbigny) in sample IV.05. These
species are known from the Central and Southern Europe
and Peri-Tethys. Up the section, the significant turnover in
the SBF assemblage, similar to that found in the Landzhar
section (Zakrevskaya et al., 2017), occurs. In upper Azatek
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Fm. the change in SBF assemblage proceeds cyclically: total
abundance decreases and taxonomic diversity reduces up
to 3–11genera in samples IV.09–06 (Figures 10 and 11),
preservation becomes worse, and the most characteristic
species such as C. truncanus and B. ex gr. antegressa
become eliminated, which is likely related to the reduced
CaCO3 content and increased siliciclastic input. Above
this interval (sample IV.05), calcium carbonate content
increases, SBF total abundance becomes restored up to
7.18% of the total foraminiferal number, and taxonomic
diversity reaches 32 genera. Up the section, the poor
assemblage, formed under unstable conditions and a new
phase of increased siliciclastic input (samples IV.02–03)
occurs with shelf-like SBF assemblage. In Landzhar and
Urtsalandzh sections, the base of Planulina costata zone
corresponds to the base of the NP18 zone. In Urtsadzor,
the base of P. costata zone lies in the upper part of the
NP18 zone (Figure 4).
The upper part of Planulina costata zone. In the clays
and marls at the base of Urtsadzor Fm. (sample VI.01), a
mixed assemblage containing Cibicidoides truncanus and
Planulina costata is found. The lower part of this formation
(samples VI.01– U13199b) contains an SBF assemblage
close to that of the C. truncanus zone based on the high
relative abundance of the agglutinated foraminifera
(up to 34%), the dominating morphology of shells, and
partially on the taxonomic composition. However, the
poor preservation, poor knowledge about agglutinated
foraminifera, and the absence of marker species hamper
the identification of SBF biozone in this interval. Forty
percent and more of the SBF shells have long, tubular, or
uniserial to triserial form: Bathysiphon, Rhabdammina,
Dentalina, Chrysalogonium, Pleurostomella, Stilostomella,
Uvigerina, Siphogeneroides, etc. The benthic taxa of these
morphotypes dwell in deeper, oxygen-deficient waters
(Kaiho, 1991, 1994; Živkovic and Glumac, 2007; Gebhardt
et al., 2013).
Few redeposited Cretaceous, Paleocene, and middle
Eocene (mainly Sphenolithus spp.) nannofossil taxa are
found in this part of the section. In the PF assemblage,
small shells of Globigerina spp., Pseudohastigerina micra
(Cole), Chiloguembelina cubensis (Palmer), and Ch.
ototara (Finlay) occur aside from single Globigerinatheka
semiinvoluta, large subbotinids, and turborotaliids.
Morphologically similar assemblages of small
globigerinids and pseudohastigerinids have been found in
South Russia and Central Asia in the Subbotina turcmenica
zone, which was recently considered as Bartonian (Koren’,
2006). However, large Subbotina, Turborotalia, and
Globigerinatheka, as well as SBF found in the Armenian
basin, are absent from the interval of this zone in the
Crimean-Caucasian area.
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Upsection, below the upper layer of nummulitic
limestone of the N. maximus horizon, the assemblage
of P. costata zone, different by morphotype and generic
composition from the assemblage of the upper Azatek
Fm. (samples IV.05–01), is found. SBF form 5.6% of
the total foraminiferal number in the lower part of the
section (sample VI.23), where they are present with
29 genera with characteristic species: *Asterigerina
ventriconvexa Sahakyan-Gesalyan, *Rotalia denseornata
Sahakyan-Gesalyan, *Valvulineria inflate OrbignyGesalyan, Dentalina guembeli Hantken, Vaginulinopsis
cumulicostatus (Gümbel), Marginulinopsis fragaria
(Gümbel), Falsoplanulina biconvexa Bugrova, Planulina
costata (Hantken), P. lamelliformis Bugrova, Vulvulina
eocaena Montagne, etc. Species marked by asterisks (*)
were described by Sahakyan-Gezalyan (1957) from the
upper Eocene of Yerevan Basin.
The SBF assemblage from the nummulitic limestone
(sample U13199) includes shallow- and warm-water
genera, such as Pseudoplanulina damesini (Sacal et
Debourle) = P. meskhethica M. Kacharava, Cuvellierina sp.,
Stomatorbina enodosa Chalilov, Cancris auris (Le Calvez),
Asterigerina rotula (Kaufmann), Pararotalia aff. inermis
(Terquem), Amphistegina lessonii d’Orbigny, A. hauerina
d’Orbigny, Sphaerogypsina globula (Reuss). Besides,
Cylindroclavulina cf. terterensis (Chalilov), Robulus
aff. budensis (Hantken), R. arcuatostriatus (Hantken),
Eponides polygonus Le Calvez, are found in this interval.
In this assemblage, the LO of Pseudoplanulina damesini,
representing the marker of the base of cognominal bed at
the base of P. costata zone is documented in the Landzhar
section, where other warm-water taxa—Schlosserina,
thick-walled Rotalia, Amphistegina, Sphaerogypsina—are
also present.
An analysis of several samples from the western
transect of the Urtsadzor section (Figure 5) showed the
occurrence of the SBF of P.costata zone in the Discocyclina
horizon (samples VI.26–29), while large radiolarians
dominate in a thin bed of the clay overlying N. maximus
horizon.The most taxonomically diverse SBF assemblage
is found in sample VI.28, where 28 genera and more than
40 species are identified: Planulina costata (Hantken),
Clavulinoides szaboi (Hantken), Karreriella siphonella
(Reuss), Pyrgo alata (d’Orbigny), P. simplex (d’Orbigny),
Spiroloculina tenuis (Czjzek), Dentalina guembeli Hantken,
Vaginulinopsis cumulicostatus (Gümbel), Marginulina
boehmi (Reuss), Marginulinopsis fragaria (Gümbel),
Robulus limbosus (Reuss), Valvulineria inflata SahakyanGesalyan, Gyroidinoides planulatus (Cushman et Renz),
Falsoplanulina biconvexa Bugrova, Pleurostomella acuta
Hantken, Stilostomella spinea (Cushman), S. subspinosa
(Cushman), Bulimina truncana (Gümbel), Uvigerina
spinicostata Hantken, Bolivina antegressa angulatа

Sahakyan-Gesalyan. Up the section, preservation becomes
worse and only 20 species are recognized in sample VI.29.
The marker species of this assemblage are Clavulinoides
szaboi, Vaginulinopsis cumulicostatus, Robulus limbosus,
Falsoplanulina biconvexa, Planulina costata, Pleurostomella
acuta. A similar SBF assemblage was found in the upper
Eocene of Landzhar and Urtsalandzh sections, where the
more significant taxonomic change at the base of P. costata
zone occurs (Zakrevskaya et al., 2017; Figures 6 and 7).
The Priabonian SBF assemblage of these sections differs
from the assemblage of the upper C. truncanus zone,
corresponding to the upper Eocene in Urtsadzor section.
The age of Planulina costata zone is defined not only
by its position within the interval of NP18–19 zones but
also by the occurrence of many SBF taxa featured from
the upper Eocene of the Central and Southern Europe
(Braga et al., 1975; Cimerman et al., 2006; Grünig, 1985;
Gümbel, 1868; Hantken, 1875; Horváth-Kollányi, 1988;
Ozsvárt, 2007; Reuss, 1851; Sztrákos, 1987; Stojanova and
Petrov, 2008) and their distribution in the Priabonian
of the Crimea-Caucasus area of the Peri-Tethyan basin
(Bugrova, 2001, 2004, 2005; Koren’, 2006).
6.4. Larger benthic foraminifera
In the Bartonian–Priabonian of the Urtsadzor section
LBF are represented mainly by nummulitids and
orthophragminids with less frequent specimens of other
families of the SBZ17, SBZ18, and SBZ19 zones (Figure
12). The lowest LBF, found in the lower Bartonian thin
layers of hard sandstones (samples IV.39–37, U1405,
U1407), are poorly preserved with incomplete tests of
large species, represented only by A-generation. The small
Nummulites of the N. variolarius group are abundant here,
but the most characteristic species that allow defining the
SB17 zone are: N. ptukhiani, N. perforatus, Operculina
ex gr. gomezi with smaller proloculus, Discocyclina pratti
pratti, Asterocyclina alticostata cuvillieri, and Orbitoclypeus
varians scalaris.
The next level with LBF is situated ca. 140 m above
and represented by a thin (0.1 m) layer of sandstone
with Nummulites (N. variolarius, N. incrassatus) and
Discocyclina (sample U13189). Some 10 m above there
are two layers of nummulitic limestone: the lower one
with a lenticular form is 0.2 m thick and 3m in length
(sample U13191a) and the upper one, which is 1–2.5 m
thick (sample U13193), can be traced laterally for at least
1.5 km (Figure 4). These limestones are attributed to
the N. maximus horizon. Besides abundant N. maximus
(A-generation) and small Nummulites of the N. variolarius
and N. incrassatus groups, the most important taxa for age
definition are: Assilina schwageri, Heterostegina reticulata
multifida, Pellatispira madaraszi, Biplanispira absurda
cataloniensis, Discocyclina pratti minor, D. dispansa
sella, and Asterocyclina alticostata alticostata. The genus
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Figure 12. Distribution of larger benthic foraminifera in the middle and upper Eocene of Urtsadzor section. Index-taxa are shown in
bold.

Biplanispira was found only in this layer (Zakrevskaya,
2017). The second thick layer of nummulitic limestone
with N. maximus, 1.5–2 m in thickness, is situated 50–60
m above. The peculiarity of LBF assemblage of this layer is
the presence of giant N. maximus of B-generation with a
maximal test diameter of 12 cm, as well as the appearance
of N. hormoensis, Silvestriella, and Sphaerogypsina. We
identified the HO of Discocyclina discus in this layer, as well
as the LO of Assilina alpina and Nummulites of N. fabianii
group, with abundant N. hormoensis, which is the marker
of SBZ18 zone. Using the Heterostegina reticulata lineage
(Less et al., 2008), two members of which are present in N.
maximus horizon (Figure 12), we attribute this horizon to
the SBZ18C subzone.
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LBF of Discocyclina horizon were studied only in its
lower part of 100 m in thickness, including 3–4 interlayers
of nummulitic limestone, followed in two profiles (Figure
5). LBF in the upper part of this horizon, composed of an
alternation of siltstones, marls, and sandy foraminiferal
limestone, are poorly preserved and therefore were not
studied. The assemblage of the lower layer (sample VI.30,
correlated with sample U13203) is characterized by a
sharp decrease of Nummulites maximus in number and
the LO of Chapmanina. The appearance of a single test of
Spiroclypeus and more abundant Heterostegina reticulata
mossanensis as well as the large Assilina alpina in this
sample (Figure 12) suggest here the base of the SBZ19
zone. The next change of LBF assemblages is observed in
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sample VI.38, collected from the limestone, composed of
foraminifera, red algae, mollusks, and corals. Based on
abundant Spiroclypeus sirottii and Nummulites fabianii s.s.,
we attribute it to the SBZ19 zone. Nummulites maximus
is completely absent in this layer. The next evolutionary
lineages can be followed in the studied section: N. fabianii
(N. hormoensis – N. hormoensis-fabianii – N. fabianii), N.
stellatus (N. anomalus – N. stellatus), Assilina alpina (A.
schwageri – A.alpina), Operculina gomezi (O. bericensis –
O. roselli), Heterostegina reticulata (H. reticulata multifida
– H. r. reticulata – H. r. mossanensis), Discocyclina pratti
(D. pratti pratti – D. p. minor), Orbitoclypeus varians (O.
varians scalaris – O. v. varians), Asterocyclina alticostata
(A. alticostata cuvillieri – A. a. alticostata – A. a.danubica).
6.4.1. Systematics
Order Rotaloidea Delage &Hérouard, 1896
The LBF listed in Figure 12 belong to eight different
families, of which the representatives of Nummulitidae,
Pellatispiridae, Discocyclinidae, and Orbitoclypeidae
are briefly described below. Due to their morphological
similarity and joint occurrence, the latter two are often
grouped informally under the name of orthophragmines.
The other four families are not described formally here
because they are rare and represented only by a single
species of a single genus (Calcarinidae with the genus
Silvestriella, Cymbaloporidae with the genus Fabiania,
Chapmaninidae with the genus Chapmanina, and
Acervulinidae with the genus Sphaerogypsina).
Family Nummulitidae de Blainville, 1827
Following this family classification (Nemkov, 1967;
Hottinger, 1977) we distinguish in the Urtsadzor section
five genera, i.e. Nummulites, Assilina, Operculina,
Heterostegina, and Spiroclypeus.
Genus Nummulites Lamarck, 1801
Nummulites are represented by forms with radiate,
reticulate, and granulate types of surface sculpture
(so-called morphogroups). Below we give the short
characteristic of Nummulites, supported by measurements
of their stratigraphically important parameter, the
inner diameter of protoconch (Table 1), and extended
biometrical data for N. hormoensis and N. fabianii (Table
2). N. ptukhiani, N. hormoensis, and N. fabianii belong to
the reticulate forms, whereas N. perforatus is granulated
and all the rest are radiate forms.
Nummulites maximus d’Archiac, 1850 (Figure 13)
1850 Nummulites complanata var. maxima n. var.;
d’Archiac: 12.
1981 Nummulites maximus d’Archiac; Schaub: 187–
188, text-figs. 109–110, pl. 69: 23–32. (with synonymy)
1986 Nummulites millecaput Boubée; Grigorian: 53–
54, pl. 22: 1–6.
1986 Nummulites millecaput Boubée; Krasheninnikov
and Ptukhian: 92, pl. 6: 3–4.

The largest Nummulites in Armenian sections belongs
to the N. millecaput-group and predominant among other
giant Nummulites of N. perforatus and N gizehensis phyla,
occurring in the late Bartonian and earliest Priabonian.
This species is abundant in limestones of the N. maximus
horizon (SBZ18C subzone, samples V0.01 and VI.25) and
is rare in the Discocyclina horizon (SBZ18C–19 zones).
The giant B-forms (up to 12 cm in diameter) are found
only in sample VI.25. The compressed spire, characteristic,
strongly inclined and arched septa, large proloculus up
to 1.6 mm, radial and meandro-forms of filaments, as
well as absence or rare small granules on the surface are
characteristic for this species. Measured in one polished
specimen, the radius of the 66 whorls is 42 mm. This species
was reported as Nummulites millecaput-group in Cotton
et al. (2017). In Armenia, this species has the highest last
occurrence as compared to some other locations (for
details see Less and Özcan, 2012).
Nummulites variolarius (Lamarck, 1804) (Figures
14a and 14b)
1804 Lenticulites variolarius n. sp.; Lamarck: 187.
1967 Nummulites variolarius (Lamarck); Nemkov:
236–240, pl. 33: 1–15. (with synonymy)
1972 Nummulites variolarius (Lamarck); Blondeau:
143, pl. 19: 1–14.
Very small (1–2 mm) inflate test with compressed
spire, straight septa, small protoconch (50–100 mm).
This species is widely distributed from the lower-middle
Lutetian to Priabonian, from Northern Europe to SW Asia
(Indonesia), being a cosmopolitan taxon. In Armenia, it is
recorded for the first time.
Nummulites orbignyi (Galeotti, 1837) (Figures
14c–14f)
1837 Operculina orbignyi n. sp.; Galeotti: 54, pl. 3: 13.
1967 Nummulites orbignyi (Galeotti); Nemkov: 240–
243, pl. 33: 16–23, pl. 34: 1, 2. (with synonymy)
1972 Nummulites orbignyi (Galeotti); Blondeau: 143,
pl. 20: 13–14, pl. 21: 1–11.
Test small (2–3 mm), flattening on the edge and robust
in the center, resembling the N. chavannesitest. Free spire,
small protoconch (up to 150 mm), inclined and very curved
septa, high chambers are the main feature of this species,
which is widely distributed in the middle-upper Lutetian
of Northern and Eastern Europe. In southern Russia,
Kazakhstan, and Ukraine this species was often identified
as N. chavannesi (Nemkov, 1967; table 31, figures 1–2).
However, it differs from N. chavannesi by smaller, not so
distinct umbo and more curved septa. In Armenia, it is
reported for the first time.
Nummulites chavannesi de la Harpe, 1878 (Figures
14g–14q)
1878 Nummulites chavannesi n. sp.; de la Harpe (nomen
nudum): 232.

915

916
Table 1. Statistical data of the inner cross-diameter of the proloculus (in μm) of not fully analyzed, nonreticulate Nummulites (N), Assilina (A), Operculina (O), Pellatispira (P), and
Biplanispira (B) populations from Urtsadzor. №: Number of specimens; se: Standard error.
Inner proloculus diameter of A-forms (µm)

Sample

IV.38a (U1407)

Taxa

№ Range

N. maximus

3

550 – 900 783

N. ptukhiani

5

300 – 400 360

N. perforatus

2

500 – 750 625

N. incrassatus

4

150 – 200 163

N. chavannesi

2

120 – 150 135

V0.01 (U13193)
Mean ± se № Range

1

Mean ± se № Range

VI.30 (U13203)
Mean ± se № Range

16 1000 – 1500 1194 ± 51 14 1000 – 1650 1304

VI.38 (U13206)
Mean ± se № Range

Mean ± se

± 44 6

1150 – 1600 1350 ± 74

± 10 7

165 – 240 209

± 10 4

230 – 265 246

± 6

± 22 3

135 – 170 153

± 5

± 19
± 13 11 150 – 210

N. budensis
N.anomalus

VI.25 (U13199)

120

5

100 – 160

1

55

3

120 – 150

178

± 7

130

± 10 2

140

10 150 – 220 187

4

100 – 200 158
120 – 170 147

N. stellatus

130 – 150 140

5

2

60

Present

2

170 – 180 175

1

90

1

60

200 – 210 205

3

280 – 300 293

± 10

N. cunialensis

1

110

N. striatus

2

220 – 250

235

4

220 – 370 260

± 31 2

10 120 – 200

151

± 15 5

120 – 260 206

± 24 3

200 – 300 235

2

120 – 230 175

120 – 150 127

± 11 3

90

– 170 132

1

80

220 – 250 235

2

200

N. sp.

1

A. alpina-group 2

120 – 130 125

O. gomezi-group 6

60

6

90

– 110

100

± 5

P. madaraszi

– 100 90

± 6

7

150 – 250

198

± 13 1

6

B. absurda

15 230 – 490

291

± 18

245

2

285
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Parameter

fabianii

D: Outer diameter of the first three whorls (µm); M: Inner diameter of the first three whorls (µm); N: Number of chambers in the third whorl; H: Average height of chambers in the
third whorl (µm) [H = (D–d)/2].

170 – 180 175
VI.30
2
(U13203)

VI.38
28 155 – 345 242
(U13206)

± 8 1000 – 1870 1239 18 – 25 20.7

27 – 39 32.2

190 – 350 241

± 6 42 – 57 49.4

19 – 46 30.9

cf.hormoensis

23 – 51 36.3
± 5 43 – 56 49.2
147 – 277 196
27 – 38 31.9
17 – 26 20.9
– 1500 984
± 6 780
VI.25
27 115 – 260 169
(U13199)

Mean
Mean Range
Mean ± se Range
Mean Range
Mean Range
Mean Range
Mean ± se Range

L = d × π/N (mm)
E
d (mm)
P (mm)

№ Range
Sample

M = 100 × (D–
M)/(D–d)
F = 100 × H/
(H+L)
K = 100 × (D–
d)/(D–P)

Average shape of Relative width of
chambers
spiral cord
Average length of
chambers
Outer diameter
Parameter Inner cross-diameter

Number of
chambers

3./1–3. whorls

Third whorl
Spiral opening
First two whorls
Proloculus

Table 2. Statistical data of reticulate Nummulites of the N. fabianii lineage from Urtsadzor. №: Number of specimens; se: Standard error.

Species

hormoensis

ZAKREVSKAYA et al. / Turkish J Earth Sci
1986 Nummulites chavannesi de la Harpe; Grigorian:
97, pl. 25: 2, 8, pl. 26: 3.
2011 Nummulites chavannesi de la Harpe; Less et al.:
827, figs. 39v, x–z, A, B. (with synonymy)
1961 Nummulites chavannesi hajastanica nov.
var.;Grigorian: 8–10, pl. 1: 1–7.
1986 Nummulites chavannesi hajastanica; Grigorian:
97, pl. 23: 2, 4–7, 10, 12, 14, 15, pl. 26: 5.
The most characteristic feature of this small taxon is the
distinct high umbo and S-shaped, curved spiral filaments.
Spire is moderately free, protoconch is small (to 150 mm),
the chambers are high, septa are straight in the lower part
and very curved in upper, differing by this character from
N. orbignyi.Grigorian (1961) described N. chavannesi var.
hajastanica, which differs from N.chavannesic havannesi
by its more compressed spire, more frequent septa, more
curved spiral filaments, and larger umbo (Figures 11p and
11q). This species is found in the lower Bartonian (SBZ17,
small specimens) and in the Priabonian (SBZ18C–19).
Nummulites incrassatus de la Harpe, 1883
(Figures14r–14z)
1883 Nummulites Boucheri var. incrassata n. var.; de la
Harpe: pl. 8: 53a.
2011 Nummulites incrassatus de la Harpe; Less et al.:
823, figs. 18 a–c, e–r. (with synonymy)
Small test with moderately inclined and curved septa,
small embryo (moderately up to 200 μm), compressed,
sometimes irregular spire are the features of this species.
According to Herb and Hekel (1975), the larger forms with
larger embryo correspond to N. incrassatus incrassatus
(see Figure 11z) and the forms with a smaller embryo
to N. incrassatus ramondiformis. Serra-Kiel et al. (1998)
indicated a late Bartonian to Priabonian age (SBZ18–20)
for the stratigraphic range of N. incrassatus. However, in
the Urtsadzor section, this taxon is distributed from the
lower Bartonian to Priabonian and is also pointed out
(without illustration) from the lower Rupelian of Landzhar
and Malishka sections (Krasheninnikov and Ptukhian,
1986).
Nummulites biarritzensis d’Archiac & Haime, 1853
(Figures 15a, 15b, 15d, and 15f)
1853 Nummulites biarritzensis n. sp.; d’Archiac and
Haime: 132, pl. 8: 4a–d, 6a.
1981 Nummulites biarritzensis d’Archiac & Haime;
Schaub: 123, pl. 51: 30–46.
2013 Nummulites biarritzensis d’Archiac & Haime;
Costa et al.: fig. 1.9.
2019aNummulites biarritzensis d’Archiac & Haime;
Özcan et al.: 83, figs. 19j, k.
The A-generation of this species is found in the N.
maximus and Discocyclina horizons of the SBZ18C
subzone. It looks like N. incrassatus incrassatus de la
Harpe, differing from the last by the wider spiral plate,
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Figure 13. Nummulitids from the Urtsadzor section. a–g: Nummulites maximus d’Archiac. a: sample VI.25, 12417; b: sample U13203, E
2019.14.1; c: sample VI.25, 12418; d: sample U13199, 12419; e: sample U13198, 12420; f: sample VI.34, 12421; g: sample U13191a, 12422.
All tests: A-generation; a1, c1, d–g: equatorial sections; b: axial section; c2: surface.
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Figure 14. Nummulitids from the Urtsadzor section. a–b: Nummulites variolarius (Lamarck); a: sample U1407, 12423.02; b: sample
IV.37a, 12424; c–f: N. orbignyi (Galeotti); c–d: sample V0.01; c: 12425.03; d: 12425.04; e–f: sample VI.25; e: 12426; f: 12427.01; g–o: N.
chavannesi de la Harpe; g–h: sample V0.01; g: 12428; h: 12429.02; i: sample U1407, 12430;j: sample VI.25, 12427.02; k–l: sample V0.01;
k: 12431; l: 12432; m: sample VI.25, 12433; n: sample U13203, E 2019.15.1; o: sample U13206, 12434; p–q: N. chavannesi hajastanicus
Grigorian; p: sample VI.25, 12435.02; q: sample V0.01, 12429.03; r–y: N. incrassatus ramondiformis de la Harpe; r: sample IV.38a,
12436; s: sample V0.01, E 2019.16.1; t–x: sample VI.25; t: 12437; u: 12438.01; v: 12438.02; w: 12439; x: E 2019.17.1; y: sample U13203, E
2019.18.1; z: N. incrassatus incrassatus de la Harpe, sample VI.38, E 2019.19.1. b, c, f, g, i–p, r–z: A-generation; a, d, e, h, q: B-generation;
a–e1, f, g1, h1, j, l–n1, p–q1, r, s, u–z1: equatorial sections; o: edge view; the others: surfaces.

less curved septa and specific septal filaments, strongly
curved with thickenings in the last whorl as in taxa of
N. leupoldi phylum. The diameter of protoconch in the
Urtsadzor section varies between 200 and 300 μm, being

larger than in N. incrassatasus ramondiformis (Herb and
Hekel 1975) and in N. biarritzensis in the Baskil section (E
Turkey, Özcan et al. 2019a). The closest to the Armenian
morphotype is represented in Costa et al. (2013). The
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Figure 15. Nummulitids from the Urtsadzor section. a–b, d, f: Nummulites. biarritzensis d’Archiac et Haime;a, d, f: sample VI.25; a:
12440; d: 12442; f: 12443; b: sample VI.30, 12441; c, e, j: N. striatus (Bruguière); c, j: sample VI.25; c: 12438.03; j: 12448; e: sample
VI.30, 12444; g–h: N. perforatus (Montfort); g: sample U1407;h: sample IV.38a, 12446; i: N. ex gr. partschi, sample IV.39a, 12447; k–l:
N. anomalus de la Harpe, sample VI.25; k: 12435.01; l: E 2019.20.1; m: N. stellatus Roveda, sample U13203, E 2019.21.1; n: N. budensis
Hantken, sample U13203, E 2019.22.1; o: N. sp., sample U13203, E 2019.23.1. a–d, f–o: A-generation; e: B-generation; a, c–f, h, j–o:
equatorial sections; b, g, i: surfaces.
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separation of N. biarritzensis and N. incrassatus incrassatus
is problematic.
Nummulites striatus (Bruguière, 1792) (Figures 15c,
15e, and 15j)
1792 Camerina striata n. sp.; Bruguière: 399.
1981 Nummulites striatus (Bruguière); Schaub: 153–
154, pl. 53: 26–31, table 14s.(with synonymy)
1986 Nummulites striatus (Bruguière); Grigorian: 92–
94, pl. 21: 6–9, 11.
1986 Nummulites striatus (Bruguière); Krasheninnikov
and Ptukhian: 92, 93, pl. 5: 6, 7.
2011 Nummulites striatus (Bruguière); Less et al.: 826,
figs. 37N–T.
This species occurs in nummulitic limestones of the
late Bartonian and Priabonian. Its surface is covered
by radial straight septal traces usually with muchexpressed trabecules. The tight spire, slightly curved,
densely spaced septa are the inner feature of this species.
Two morphotypes were distinguished: the first one is
of smaller size with 3–4 whorls and more curve septa
(Figures 15c and 15e); the second one is of larger size
with 6–7 whorls and straight septa (Figure 15j) similar to
N. cyrenaicus Schaub. The proloculus size is 200–400 μm.
These morphotypes are comparable to those illustrated
by Ptukhian (Krasheninnikov and Ptukhian, 1986). In
Armenia, contrary to Turkey, this species reaches the
SBZ20 zone, since in the Shagap section N. striatus is
found together with N. fabianii retiatus (Zakrevskaya et
al., 2014).
Nummulites anomalus de la Harpe, 1877 (Figures 15k
and15l)
1877 Nummulites anomalus n. sp.; de la Harpe: 827, pl.
17: 12–18 (non. fig. 15).
1967 Nummulites anomalus de la Harpe; Nemkov: 248,
pl. 37: 2–12. (with synonymy)
The small and very small (1–2 mm) inflate test with
sharp skirt. The spire is compressed in two first whorls
and free in third and fourth, chambers are arched, rare
septa strongly curve from the base and inclined, being
very characteristic and resembling the septa of the
genus Amphistegina. The embryo is small, the diameter
of protoconch is 120–150 mm. This species is widely
distributed from the upper Ypresian to Bartonian in
Peritethian areas, where it has the smaller protoconch (up
to 60 mm according to Nemkov, 1967). In Armenia, it is
found in Bartonian (SBZ17) and the lower Priabonian
(SBZ18C).
Nummulites stellatus Roveda, 1961 (Figure 15m)
1961 Nummulites stellatus n. sp.; Roveda: 181, pl. 15:
1–14, pl. 17: 7, 11, pl. 19: 3, text-figs. 12–13.
1967Nummulites stellatus Roveda;Nemkov: 248, pl. 1:
7–9.
2011 Nummulites stellatus Roveda; Less et al.: 829, figs.
39U–X. (with synonymy)

This taxon is the descendant of N. anomalus, differing
from the last by a freer spire in first whorls, a little bit larger
embryo (to 170–200 mm), higher chambers. The variability
of N. stellatus is very high: the typical forms have a more
compressed spire, sometimes less curved septa and
isometric chambers, smaller embryo (up to 100 mm).
In Armenia, this species is characteristic of Priabonian,
SBZ18C–SBZ19.
Nummulites budensis Hantken, 1875 (Figure 15n)
1875 Nummulites budensis n. sp.; Hantken: 74, pl. 12: 4.
1967 Nummulites budensis Hantken; Nemkov: 229–
231, pl. 31: 16–20.
2011 Nummulites budensis Hantken; Less et al.: 829,
figs. 39 K–Q. (with synonymy)
The small test (1.5–2.5 mm) with very small protoconch
(up to 60 mm), free spire, high chambers and septa, straight
near the base, and strongly arched in the upper part. This
taxon resembles N. bouillei, N. prestwichianus, and N.
cunialensis, differing from the first by smaller protoconch,
from the second by more straight septa, and from the third
by a larger test, freer spire, and moderately more straight
septa. This relatively rare species is distributed in the upper
Eocene of the Peritethys (Ukrainian Platform, eastern
Carpathians) and Tethys. In Armenia, it is found for the
first time in the Priabonian (SBZ18C–19).
Nummulites cunialensis Herb & Hekel, 1975
1975 Nummulites cunialensis n. sp.; Herb and Hekel:
122, pl. 1: 5–8, text-figs. 9–13.
2011 Nummulites cunialensis Herb & Hekel; Less et al.:
827, figs. 39 C–I.
This taxon, as well as N. budensis, is also very rare and
represented only by A-generation (Table 1). Contrary to N.
budensis and N. bouillei, the test of N. cunialensis is inflate
and the spire is more compressed. In some cases, in the
equatorial section it is hard to distinguish N. cunialensis
from N. bouillei (see Less et al. 2011, Figures 39E and 39R).
According to Less et al. (2011), the stratigraphic range of
this taxon is restricted to the early Priabonian (SBZ18B–C
– SBZ19). In Armenia, it is found now in Urtsadzor and
Shagap sections in SBZ18C – SBZ20 zones.
Nummulites perforatus (de Montfort, 1808) (Figures
15g and 15h)
1808 Egeon perforatus Denys de Montfort: 166, textfigs. 1, 2.
1981 Nummulites perforatus (de Montfort); Schaub:
88, pl. 17: 1–10, pl. 18: 1–31, pl. 19: 1–8, text-figs. 76, 77,
tabl. 2m. (with synonymy)
1986 Nummulites perforatus (de Montfort);
Krasheninnikov and Ptukhian: 86, pl. 4: 3, 4.
This granulated species is widely distributed in
lower Bartonian (SBZ17) of Southern Armenia,
where the horizon with N. perforatus was established
(Grigorian, 1986). However, the stratigraphic range of
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this species is wider, covering the N. maximus horizon
(Krasheninnikov and Ptukhian, 1986). In the studied
section, rare N. perforatus (only A-generation) is found
in SBZ17, but in 800 m to the east from Urtsadzor
section, the tests of N. perforatus of A and B-generation
are distributed in N. maximus horizon, which is
attributed now to Priabonian.
Nummulites ptukhiani Z.D. Kacharava, 1969 (Figures
16a–16c)
1964 Nummulites praefabianii Varentsov et Menner;
Ptukhian: 52, pl. 1: 5–8.
1972 Nummulites praefabiani Varentsov et Menner;
Blondeau: 155, pl. 28: 10–15, non figs. 8, 9, 16–20.
1969 Nummulites ptukhiani n. sp.; Z.D. Kacharava: 497.
1986 N. ptukhiani Z. Kacharava; Krasheninnikov and
Ptukhian: 89, pl. 7: 1–6.
2015 N. ptukhiani Z. Kacharava; Cotton et al.: 3, figs.
5A–E, figs. 6 C–H, non figs. 5F–K, 6A.
2019a N. ptukhiani Z. Kacharava; Özcan et al.: 80–82
(parts), figs. 19g, h.
The reticulate, easily recognized species with inflate
test, central knob, thick spiral lamella, constant spire,
and large proloculus up to 400 mm in our samples from
the Urtsadzor section (type locality). In recent years, this
species has been identified from the Bartonian of Tanzania
(Cotton et al., 2015), India (Saraswati et al., 2017), and
Turkey (Özcan et al. 2019a). We are not sure that the
forms with very large proloculus (up to 1200 µm) from
the upper Bartonian (P14 zone) belong to N. ptukhiani.
However, the comparison and identification of similar
reticulate forms with a large embryo (ptukhiani, hottingeri,
carteri) from the same SBZ17 zone of Spain, Hungary,
Turkey, Armenia, and India need further investigation. In
the studied section, this species occurs in the SB17 zone,
correlated with P12–13 zones, together with N. perforatus,
Discocyclina pratti pratti, but not with Nummulites of the
N. fabianii lineage, as pointed out in Cotton et al. (2015).
Nummulites hormoensis Nuttall & Brighton 1931
(Figures 16d–16v and 17)
1931 Nummulites hormoensis n. sp.; Nuttall and
Brighton: 53–54, pl. 3: 1–8.
1981 Nummulites ptukhiani Z. Kacharava; Schaub:
125–126, pl. 49: 33–48.
1998 Nummulites ‘ptukhiani’ Z. Kacharava; Papazzoni:
161, 164–165, pl. 1: 16–24, pl. 2: 16–21. (with synonymy)
2010 Nummulites hormoensis Nuttall & Brighton;
Özcan et al.: 65, figs. 31h–j.
1986 Nummulites fabianii (Prever); Grigorian: 84–85
(partly), pl. 27: 4, 8, non figs. 3, 6, 10, 11.
Statistically elaborated extended biometrical data for N.
hormoensis and N. fabianii are summarized in Table 2 and
in Figure 17. Following to the inner cross diameter of the
proloculus, “the most significant evolutionary parameter
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to subdivide the N. fabianii lineage into species” (Özcan
et al., 2010; Figure 24) we identify in Urtsadzor section
N. hormoensis as populations with mean proloculus
size below 200 mm, such as in sample VI.25 (Figure 17),
although individually this value varies between 115 and
260 mm. Not only the embryo size but other internal
(Table 2) and external features of this species are various,
allowing to distinguish the forms with a very small test
(up to 2.3 mm in B-generation), very compressed spire
[4 whorls on radius 0.85 mm in A-generation and 7
whorls on radius 1.1 mm in B-generation (Figure 16p)].
Such forms usually have the inflated test of ellipsoidal
shape in the axial section with weak reticulation (Figures
16l–16n). The other, larger morphotype is closer to typical
N. hormoensis, having the lenticular, flattening test with
a freer spire and larger proloculus (Figures 16i, 16o, and
16u). This species occurs abundantly in the upper part of
N. maximus horizon [sample VI.25 (U13199)], where it is
associated with heterosteginas of shallow benthic subzone
SBZ18C and is more rare in samples VI.30 and VI.34,
where it is represented by large forms. Grigorian (1986)
and Ptukhian (Krasheninnikov and Ptukhian, 1986)
considered N. hormoensis as small forms of N. fabianii.
Nummulites fabianii (Prever in Fabiani, 1905)
(Figures 16w–D, 17, 18b, and 18c)
1905 Bruguieria fabianii n. sp.; Prever in Fabiani: 1805,
1811.
1998 Nummulites fabianii (Prever in Fabiani);
Papazzoni: 165, 168, pl. 1: 1–15, pl. 2: 1–15. (with
synonymy)
1986 Nummulites fabianii (Prever); Grigorian: 84–85
(partly), pl. 27: 3, 10, 11.
1986 Nummulites fabianii (Prever); Krasheninnikov
and Ptukhian: 89, pl. 7: 13–15.
The reticulate species differs from the ancestral N.
hormoensis by moderately larger test, proloculus, freer
spire, and well-expressed reticulation. The forms of
B-generation differ by more whorls (up to12 whorls on a
radius of 4 mm) and the presence of mesh on the surface
(Figure 18c2). The transition from N. hormoensis to N.
fabianii is gradual (their arbitrary boundary is placed at
200 mm of the mean proloculus diameter for A-forms)
that hampers their differentiation, especially if specimens
are rare. For example, in sample VI.30 the large (7 mm)
tests of B-forms resemble rather N. fabianii; however,
the morphometric parameters of the two individuals of
A-forms indicate rather N. hormoensis. Therefore, this
population is interpreted as transitional between the
above two taxa. The population from sample VI.38 (with
mean proloculus diameter well over 200 mm) represents
a true N. fabianii (Figure 17). The different stratigraphic
range of N. fabianii from SBZ19 to SBZ19–21, suggested
by different paleontologists (see below), is connected with
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Figure 16. Nummulitids from the Urtsadzor section. a–c:Nummulites ptukhiani Z. Kacharava, sample U1407; a: 12449; b: 12450; c: 12423.01; d–v: N.
hormoensis Nuttall & Brighton; d–j: sample U13199; d: E 06.41; e: E 2019.24.1; f: 14251; g: E 2019.25.1; h: E 06.40; i: 12452.01; j: 12453; k–p: Golev’s
collection, sample U25, horizon with N. millecaput; k: 12454.02, l: 12455; m: 12456; n: 12454.01; o: 12457; p: 12452.02; q–u: sample U13199; q: 12458; r:
12459; s: 12460.01; t: 12461; u: 12460.02; v: sample VI.30, 12462; w–D: N. fabianii (Prever), sample VI.38; w: 12463; x: E 2019.26.1; y: E 2019.27.1; z: E
2019.28.1; A: E 2019.29.1; B: E 2019.30.1; C: E 2019.31.1; D: E 2019.32.1. a–o, w–D: A-generation; p–v: B-generation; a1, b1, c–k, o, p, s, u, v2, w, x1 y, z1,
A–D: equatorial sections; a2, b2, l, r, t, v1, x2, z2: surfaces; n: axial section; m, q: edge view.
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Figure 17. Distribution of populations of the Nummulites fabianii lineage (with their proposed specific subdivision by Özcan et al.,
2010) from Urtsadzor and other localities from the Western Tethys (mean values at the 68% confidence level corresponding to 1 s.e.) on
the P–L (inner cross diameter of the proloculus versus average length of chambers in the third whorl) bivariate plot. For localities other
than Urtsadzor see Less and Özcan (2012).

the different (typological vs. morphometrical) approach
to the N. fabianii-lineage, the high variability of this
species, and its strong facies dependence. Following the
typological approach by Serra-Kiel et al. (1998), the range
of Nummulites fabianii covers SBZ19 and its descendant N.
fabianii retiatus is distributed in SBZ20; however, based on
morphometric investigations of Özcan et al. (2010, 2019a)
and Less et al. (2011), the range of N. fabianii, including N.
fabianii retiatus, extends on SBZ19–21 zones overlapping
with N. fichteli in SBZ21. In the Armenian regional scale,
the N. fabianii zone (Grigorian 1986) can be correlated
with SBZ18C–19 and the N. fabianii retiatus zone with
SBZ20–21.
Genus Assilina d’Orbigny, 1839
Following Romero et al. (1999), we consider Assilina
as the nummulitids with simple short sutural canals and
nonfolded septa without apertures. The genus Assilina s.
str. includes the semiinvolute taxa of the A. exponens and
A. spira lineages and evolute forms of the Assilina alpina,
A. canalifera, and A. granulosa lineages.
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Assilina schwageri (Silvestri, 1928) (Figures 18d–18f)
1928 Operculina schwageri n. sp.; Silvestri: 112.
1977 Operculina schwageri Silvestri; Hottinger: 82, pl.
38, text-figs. 4A, 31A, 32;
1999 Assilina schwageri (Silvestri); Romero et al.: 84,
figs. 6, 7.
2019a Assilina schwageri (Silvestri); Özcan et al.: figs.
20 F, G.
According to Hottinger (1977), the proloculus diameter
of A. schwageri is 75–125 mm; in Romero et al. (1999) the
size of proloculus is 60–160 mm. The last study of the
Bartonian-Priabonian taxa of the A. alpina group (Özcan
et al., 2019a) shows that the diameter of proloculus in the
forms of SBZ17–18 zones is smaller than 120–140 mm and
ascribing the taxon to A. schwageri. The forms of SBZ19–
20 zones usually have a proloculus larger than 120–140
mm and refer to A. alpina. Another important parameter
is the form of the spire. In topotype of A. schwageri from
Egypt the diameter of two whorls is 1.6–2.5 mm. In the
Urtsadzor section, A. ex gr. alpina from SBZ17 and lower
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SBZ18C zones has a mean proloculus diameter of 125–150
mm (Table 1) and diameter of two whorls, which changes
from 2 mm to 2.7 mm. These forms are attributed to A.
schwageri according to Romero et al. (1999).
Assilina alpina (H. Douvillé, 1916) (Figures 18g–18i,
19a–19c)
1916 Operculina alpina n. sp.; Douvillé H.: 329, fig. 1.
1977 Operculina alpina Douvillé; Hottinger: 85, pl. 38:
4–6, text-fig. 34. (with synonymy)
The specimens of A. alpina from the upper part of N.
maximus horizon (sample VI.25 or U13199) are typical
for this taxon. Their inner cross-diameter of proloculus
changes in 6 tests from 120 to 260 μm, diameter of two
whorls is 3.4–4.3 mm. The largest forms are found in the
lower part of Discocyclina horizon (sample VI.30). The
inner cross-diameter of proloculus in a single specimen is
300 μm, diameter of two whorls is 6 mm. Following to data
of Hottinger (1977), the proloculus diameter of topotypes
is 175–300 μm. These data suggest that the LO of A. alpina
should be somewhat lowered and replaced from the base
of the SBZ19 zone to about the middle of the SBZ18C
subzone.
Genus Operculina d’Orbigny, 1826
Operculina is characterized by evolute or involute
flattened test with dense and high chambers, folded
septa, intersected by stolons. This latter is essential in
distinguishing Operculina from Assilina. This feature can
be best observed in painted split equatorial sections (see
e.g., fig. 40. in Less et al., 2011).
Operculina ex gr. gomezi Colom & Bauzá, 1950
(Figures 19d–19l)
The middle-upper Eocene group of Operculina with the
involute test, very dense and high chambers includes three
species as successive members of a single evolutionary
lineage, such as O. bericensis Oppenheim, 1896, O. roselli
Hottinger, 1977, and O. gomezi Colom &Bauza, 1950
(Hottinger, 1977). Because of the rarity of these species
they are not yet morphometrically separated. According
to Less and Özcan (2012), this lineage first appeared
in the Western Tethys at about the Lutetian/Bartonian
boundary. In the Urtsadzor section, the size of proloculus
by representatives of this group progressively increases,
allowing us to distinguish two taxa. Common O. bericensis
with proloculus size 60–100 mm occur in the SBZ17 zone.
In the lower part of N. maximus horizon (SBZ18C), the
size of proloculus increases to 110 mm and in upper part of
this horizon its size is 160 mm (Figures 19h and 19i). Such
proloculus size is characteristic for O. roselli (Romero et
al., 1999). Operculina ex gr. gomezi with proloculus of 100
mm was found also in Azatek section in depositions of the
SBZ17 zone.
Genus Heterostegina d’Orbigny, 1826
Based on a widespread Mediterranean material, the
Eocene representatives of this genus from the Western

Tethys have been revised by Less et al. (2008), who
arranged them into three species: Heterostegina armenica,
H. reticulata, and H. gracilis. In Armenia, the H. armenica
occurs in Azatek (Grigorian, 1986; Less et al., 2008), H.
reticulata is widespread in the upper part of the Urtsadzor
section but it also found in Landzhar and Shagap, whereas
H. gracilis is reported from upper Priabonian of Shagap
section (Zakrevskaya et al., 2014). Their numerical
description is based on the system introduced by Drooger
and Roelofsen (1982) for Cycloclypeus. The explanation of
measurements and counts made in the equatorial section
of each megalospheric specimen is given in the header of
Table 3, where biometrical data are presented.
Heterostegina reticulata Rütimeyer, 1850 (Figures
19m, 20, 21a, 21b, and 22)
1850 Heterostegina reticulata sp. nov.; Rütimeyer: 109,
pl. 4: 61.
2008 Heterostegina reticulata Rütimeyer; Less et al.:
334–338, figs. 11J–L, N–R, 12–14, 15A–K. (with seven
subspecies and synonymies)
2010 Heterostegina reticulata Rütimeyer; Özcan et al.:
71–72, figs. 31p−s, 32a−f.
2011 Heterostegina reticulata Rütimeyer; Less et al.:
836–838, figs. 42a–s.
This species first appears in the SBZ18B zone, which
was formerly (Serra-Kiel et al., 1998; Less et al., 2008)
attributed to the late Bartonian. However, based on more
recent studies (Agnini et al., 2011; Özcan et al., 2019a) it
belongs to the earliest Priabonian. According to Less et
al. (2008, 2011), the species forms a rapidly developing
single evolutionary lineage through the whole Priabonian,
which, based on the reduction of undivided postembryonic
chambers (parameter X), is arbitrarily subdivided into
seven chronosubspecies. These are H. r. tronensis (Xmean>
17, SBZ18B), H. r. hungarica (Xmean= 11–17, SBZ18B),
H. r. multifida (Xmean= 7.2–11, SBZ18C), H. r. helvetica
(Xmean=4.4–7.2, SBZ18C), H. r. reticulata (Xmean= 2.8–4.4,
SBZ18C), H. r. mossanensis(Xmean= 1.7–2.8, SBZ19A), and
H. r. italica (Xmean< 1.7, SBZ19B–20).
Heterostegina reticulata is quite widespread in the
Urtsadzor section, although the preservation is far
from ideal. Nevertheless, it was possible to perform the
measurement and counting process introduced by Less
et al. (2008). The evolution of H. reticulata serving as a
first-class tool in determining the age of several of our
samples can be directly observed from the middle to the
uppermost part of the Urtsadzor section in four successive
populations (see Table 3 and Figure 22, also for the other
populations). Thus, H. r. multifida in sample V0.01 defines
the early part of the SBZ18C subzone, whereas H. r.
reticulata of sample VI.25 already indicates the late part
of the same subzone. Interestingly, the transitional H. r.
reticulata-mossanensis from sample VI.30, suggesting
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Figure 18. Nummulitids from the Urtsadzor section. a: Nummulites ex interc. fabianii (Prever) et hormoensis Nuttall & Brighton, sample
VI.30, 12464; b–c: N. fabianii (Prever), sample VI.38; b: 12465; c: 12466; d–f: Assilina schwageri (Silvestri); d: sample U1407, 12423. 03;
e, f: sample V0.01; e: 12467.01; f: 12468;g–i: A. alpina (Douvillé), sample U13198; g: 12469.01; h: 12470; i: 12471. a–c: B-generation;d–i:
A-generation. a1, b, c1, d–i: equatorial sections; a2, c2: surfaces.
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Figure 19. Nummulitids from the Urtsadzor section. a–c: Assilina. alpina Douvillé; a: sample VI.25, 12472; b, c: sample VI.30; b: 12473;
c: 12474; d–g: Operculina bericensis Oppenheim; d: sample IV.38a, 12475; e–f: sample U1405; e: 12476; f: 12477; g: sample V0.01,
12478; h–i: O. roselli Hottinger; h: sample VI.25, 12479; i: sample VI.24, 12480.01; j–l: O. ex gr. gomezi Colom et Bauzá; j: sample VI.24,
12481.01; k: sample V0.01, 12467.03; l: 12480.02; m: Heterostegina reticulata indet ssp., sample VI.24, 12481.03. a–i, m: A-generation;
j–l: B-generation; c1, d–l: equatorial sections; a, b, c2, m: surfaces.
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± 0.13 −
± 0.18 18 2 – 4 3.11
3.83
18 3 – 5
± 5.0 18 375 – 690 517
Spiroclypeussirottii VI.38 (U13206) 20 65 – 150 98.2

± 0.40 mossanensis
3 – 7 4.50
± 0.16 8
2.09
550 – 885 691
VI.38 (U13206) 11 105 – 140 119.1 ± 2.9 6

11 1 – 3

± 0.19 reticulata– mossanensis
3 – 4 3.57
± 0.21 7
2.88
2 – 4
530 – 785 654
95 – 170 130.0 ± 7.3 7
VI.30 (U13203) 8

8

± 0.22 reticulata
3 – 4 3.50
± 0.47 6
3.54
571 – 979 731

Heterostegina
reticulata

VI.25 (U13199) 11 101 – 160 126.2 ± 5.9 5

11 1 – 6

± 0.28 multifida
± 0.55 12 1 – 4 2.42
620 – 640 640
18 60 – 140 100.8 ± 5.0 3
V0.1 (U13193)

18 4 – 12 8.11

Mean ± se
Mean № Range
Mean ± se № Range
№ Range
Sample
Species

X

Mean ± se

№ Range

S
d (mm)

Parameters

P (mm)

Number of chamberlets in
the 14. chamber
Outer diameter of the Number of postembryonic
first whorl
preheterosteginid chambers
Inner cross-diameter of the
proloculus

Table 3. Statistical data of Heterostegina and Spiroclypeus populations from Urtsadzor. №: Number of specimens; se: Standard error.

Subspecies
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the transition of zones SBZ18C and 19, fully agrees with
the intermediate character shown by other lineages (i.e.
with the transitional Nummulites hormoensis-fabianii,
with the last rare occurrence of N. maximus and with the
first rare occurrence of Spiroclypeus sirottii). Finally, H. r.
mossanensis from sample VI.38 clearly indicates the SBZ19
zone together with the common S. sirottii and Nummulites
fabianii and lacking any giant Nummulites.
Genus Spiroclypeus Douvillé, 1905
Eocene Spiroclypeus in the western Tethys is exclusive
to the SBZ19–20 zones (Less and Özcan, 2008). According
to the recent interpretation of the Bartonian/Priabonian
boundary (Agnini et al., 2011; Özcan et al., 2019a),
Spiroclypeus occurrence corresponds to the middle and
late part of the Priabonian stage. Eocene Spiroclypeus are
unrelated to the Oligo−Miocene representatives of the
genus and differ from them in having a much tighter spire.
The numerical characterization of the genus is based on
the system introduced by Drooger and Roelofsen (1982)
for Cycloclypeus. The explanation of measurements
and counts performed on the equatorial section of each
megalospheric specimen is given in the header of Table 3
where biometric data are also tabulated. The Priabonian
forms of the genus are classified into two species by using
the mean number of undivided postembryonic chambers
(parameter X) as follows: S. sirottii Less & Özcan with
Xmean> 2.7, and S. carpaticus (Uhlig) with Xmean< 2.7.
Species descriptions are in Less and Özcan (2008).
Spiroclypeus sirottii Less & Özcan, 2008 (Figures 21c
and 23)
2008 Spiroclypeus sirottii n. sp.; Less and Özcan: 310,
312; figs. 7A–N, P, Q, T. (with synonymy)
2010 Spiroclypeus sirottii Less & Özcan; Özcan et al.:
72, figs. 32g–m.
2011 Spiroclypeus sirottii Less & Özcan; Less et al.: 838,
figs. 40D, E.
Spiroclypeus can only be found in the uppermost
part of the Urtsadzor section. One single specimen was
found in sample VI.30, however, the taxon is common
in the uppermost sample VI.38, in which it was possible
to perform the measurements and counting introduced
by Less and Özcan (2008) and also to evaluate these
data statistically. The morphometric parameters of this
population fully fit with those of S. sirottii from several
other localities of Italy, Turkey, and Hungary (Table 3 and
Figure 23).
Family Pellatispiridae Hanzawa, 1937
According to Hottinger et al. (2001), this
family is represented by three genera, namely
Pellatispira,Vacuolispira, and Biplanispira. The latter has
been described in detail by Zakrevskaya (2017) under the
name of B. absurda cataloniensis. Therefore,here we do
not deal with it. For photographs see Figures 21d–21g,
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Figure 20. Nummulitids from the Urtsadzor section. a–f: Heterostegina reticulata multifida (Bieda), sample V0.01. a: 12482.02; b:
12482.01; c: E 2019.33.1; d: E 2019.34.1; e: 12483; f: 12484; g–j: H. reticulata reticulata Rütimeyer. g: sample VI.25, E 9554; h: sample
VI.24, 12469.04; i: sample VI.25, 12485; j: sample VI.25, E 2019.35.1, k–m: H. reticulata ex. interc. reticulata Rütimeyer & mossanensis
Less et al., sample VI.30; k: E 2019.36.1; l: E 2019.37.1; m: E 2019.38.1. f, m: B-generation, all the others: A-generation. a–m: equatorial
sections.
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Figure 21. Nummulitids, pellatispirids, and Rotaliida from the Urtsadzor section. a: Heterostegina reticulata ex. interc. reticulata
Rütimeyer & mossanensis Less et al., sample VI.30, E 2019.38.1; b: H. reticulata mossanensis Less et al., sample VI.38, E 2019.39.1; c:
Spiroclypeus sirottii Less & Özcan, sample VI.38, E 2019.40.1; d–g: Biplanispira absurda cataloniensis (Matsumaru), sample V0.01; d, g:
sgm-1640-1; e: sgm-1640-14; f: sgm-1640-6. h–j, o: Pellatispira madaraszi (Hantken), sample V0.01; h: 12486; i: 12487.01; j: 12487.02;
o: sgm1640-20. k: Sphaerogypsina globulus (Reuss), median half-section, sample U13204, 12488; l–n: Silvestriella tetraedra (Gümbel),
sample VI.30, the sections of rays and central part of test. l: 12489.01; m: 12489.02; n: 12490. a: B-generation; b–o: A-generation. a–c, f,
i, j: equatorial sections; d: side view; e, o: axial sections; g, h: surfaces.

whereas statistical data on the inner proloculus diameter
of A-forms are shown in Table 1. Vacuolispira is absent in
Armenia.
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Genus Pellatispira Boussac, 1906
This genus is widely distributed in the upper Bartonian
and Priabonian of the Tethys, especially in the Pacific and
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Figure 22. Distribution of Heterostegina populations from Urtsadzor area (mean values at the 68% confidence level corresponding to 1
s.e.) on the P–X (proloculus diameter versus the number of undivided postembryonic chambers) bivariate plot (X is on a logarithmic
scale) with the subspecific subdivision of Heterostegina reticulata. For localities other than Urtsadzor see Less and Özcan (2012).

Indo-Pacific where it includes 5–13 species. One species
(P. madaraszi) is found in Armenia.
Pellatispira madaraszi (Hantken, 1875) (Figures
21h–21j, and 21o)
1875 Nummulites madaraszi n. sp.; von Hantken: 86,
pl. 16, fig. 7.
1986 Pellatispira madaraszi (von Hantken); Grigorian:
124, pl. 39: 4, 5, 8.
1986 Pellatispira douvillei Boussac; Grigorian: 123–
124, pl. 39: 1–3, 6, 7, 9.
2001 Pellatispira madaraszi (von Hantken); Hattinger
et al.: 44, 46, text-figs 3, 4, 5A, 6A–C; pl. 7: 1–4; pl. 8: 1–5.
(with synonymy)
Mainly discoidal, heavily ornamented test of middle
size (3–9 mm) with spirally arranged granules, which

are situated on lateral walls of chambers. The tight spire
may be regular as well as irregular, the thickness of the
marginal crest in the second and third whorls nearly
equals with the height of the spiral chamber lumen. The
inner diameter of the spherical proloculus is 150–250
μm. The microspheric generation has not been found.
Pellatispira in Urtsadzor occurs in large numbers in the
lower part of the N. maximus horizon (SBZ18C) and
is rare in the Discocyclina horizon (SBZ18–19). In the
Shagap and in Malishka sections this taxon is present also
in the SBZ20 zone.
Orthophragmines
Orbitoidal forms of the late Paleocene and Eocene are
united under the informal name of orthophragmines. In
fact, the two orthophragminid families, Discocyclinidae
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Figure 23. Distribution of Spiroclypeus population from
Urtsadzor area (mean values at the 68% confidence level
corresponding to 1 s.e.) on the P–X (proloculus diameter versus
the number of undivided postembryonic chambers) bivariate
plot (X is on a logarithmic scale) with the specific subdivision
of Eocene Spiroclypeus. Information on localities in Turkey and
Europe was given by Less and Özcan (2008), Özcan et al. (2010),
Less et al. (2011), and Yücel et al. (2020).

and Orbitoclypeidae, evolved from different (largely
unknown) ancestors as it is reflected by their different
microsphericjuvenarium. Both the distinction of
the two families and of their Tethyan and American
genera wererecently described by Özcan et al. (2019b).
Otherwise, their morphology and stratigraphic range
are quite similar, and they occur together. Similar to
nummulitids and alveolinids, numerous lineages were
discovered (Less, 1987). Based on their development,
reflected first of all in the gradual increase of the
megalospheric embryo, Less (1987, 1998) established
an orthophragminid (OZ) zonation integrated into the
larger benthic foraminiferal (SBZ) zonation of Serra-Kiel
et al. (1998). Most of these lineages are interpreted as
species and arbitrarily subdivided into chronosubspecies
by Less (1987, 1998). In recent years, the Bartonian and
Priabonian orthophragmines have been studied by Ali et
al. (2018), Özcan et al. (2006, 2018, 2019a), and Yücel et
al. (2020). The most updated summary of the subspecific
subdivision of orthophragminid species (lineages) can be
found in Zakrevskaya et al. (2011), which is not repeated
in the descriptions below provided no changes happened
since then. The most updated stratigraphic range of the
particular taxa (subspecies and species) is shown for
the Thanetian and early Ypresian (Ilerdian) in Less et al.
(2007), for the late Ypresian (Cuisian) and Lutetian in
Zakrevskaya et al. (2011), while for the late Lutetian to the
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end of the Priabonian in Less et al. (2011). Later, some new
taxa (Ali et al., 2018) and minor changes in the stratigraphy
of some taxa were introduced.
Most of the LBF-bearing parts of the Urtsadzor
section belongs to the long-lasting OZ 14 zone. Since
the preservation of orthophragmines is rather poor in
the Urtsadzor section, we did not study them in a large
quantity, and therefore a reliable determination at the
subspecific level was not possible. In the brief descriptions
below, we use the terminology of Less (1987), which
is summarized in Özcan et al. (2019a). Among the
morphometric parameters, the outer cross diameter of the
megalospheric deuteroconch (d) was measured (see figure
5 in Zakrevskaya et al., 2011) and tabulated in Table 4.
Family Discocyclinidae Galloway, 1928
According to Özcan et al. (2019a), this family
is represented in the Tethys by two genera, namely
Discocyclina and Nemkovella, among which the first is
recorded from the Urtsadzor section.
Genus Discocyclina Gümbel, 1870
Representatives of five lineages of this genus were
found in the Urtsadzor section.
Discocyclina discus (Rütimeyer, 1850) (Figure 24a)
?1850 Orbitolites discus n. sp.; Rütimeyer: 116, pl. 5: 70,
71, 78, 80, 81.
1987 Discocyclina discus (Rütimeyer); Less: 136–139, pl.
4: 8–10, pl. 5: 1–10. (with two subspecies and synonymies)
2018 Discocyclina discus (Rütimeyer); Özcan et al.: 152,
153, figs. 9A, 16. (with synonymy)
Discocyclina discus is a large, unribbed form with a
giant, mostly umbilicolepidine (rarely also tryblio- or
excentrilepidine) embryo, numerous, wide and high,
‘archiaci’ or transitional ‘archiaci-pratti’-type adauxiliary
chamberlets, and wide and high equatorial chamberlets
with ‘archiaci’ or transitional ‘archiaci-pulcra’-type growth
pattern.
Altogether, two specimens of D. discus were found
in two samples, VI.25 and VI.01. Based on its very large
embryo (d = 1700–1850 mm) it probably belongs to the
more advanced chronosubspecies of the lineage, which
according to Özcan et al. (2018) should be called as D.
discus sowerbyi with dmean above 1350 mm. This name is
the senior synonym of D. discusdudarensis used by Less
(1987), of D. discus adamsi in Less (1998), and also in
Zakrevskaya et al. (2011). Based on Less and Özcan (2012)
the last occurrence of D. discus-lineage seems to be an
important event to date the boundary of the SBZ18C and
SBZ19 zones. Its occurrence in Urtsadzor confirms this
assumption.
Discocyclina pratti (Michelin, 1846) (Figures
24b–24e, 25a, 25c, 25d)
1846 Orbitolites pratti n. sp.; Michelin: livre 23, p. 278,
pl. 63: 14.
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550

320 – 450 392
1
O. varians

900
1
1
D. pratti

350 – 400 383

1700
1850

3

1

3
D. dispansa

350 – 450 400

1
D. discus

200
1
D. augustae

± 14 12 400 – 520 446

350
1

200
21 3
±
– 300 231
170
5

se № Range
Mean ±
Range
№
Mean № Range
№ Range
Species

Mean ± se № Range

Mean ± se

VI.30 (U13203)
VI.25 (U13199)
IV.38a (U1407)
Sample

V0.1 (U13193)

Outer deuteroconchdiameter of A-forms (mm)
Parameter

Table 4. Statistical data of the outer cross diameter of the deuteroconch (d in μm) in orthophragminid populations from Urtsadzor.

VI.38 (U13206)

Mean ±

se

21
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1987 Discocyclina pratti (Michelin); Less: 176–180, pl.
19: 7–13, pl. 20: 1–12, pl. 21: 1–3. (with three subspecies
and synonymies)
Discocyclina pratti is an unribbed species having
a medium-sized to large, tryblio- to excentrilepidine
embryo, numerous moderately wide and high, “pratti”type adauxiliary chamberlets, and narrow but high
equatorial chamberlets with “pulcra”-type growth pattern.
This species is quite common in the LBF-bearing
horizons of the Urtsadzor section. The one single
internally measured specimen from sample IV.38a belongs
most probably to D. pratti pratti, whereas specimens from
the upper part of the section (samples V0.01 to VI.38) are
transitional between D. p. pratti and D. p. minor based
on their deutorconch size, similarly to populations of D.
pratti from other localities with a similar stratigraphical
position (e.g., Keçili and Şarköy in Özcan et al., 2006 and
also Hacimaşli and Şamlar in Less et al., 2011).
Discocyclina augustae van der Weijden, 1940
1940 Discocyclina augustae n. sp.; van der Weijden:
23–26, pl. 1: 4. 5, 7, 8, pl. 2: 1, 2, 11.
1987 Discocyclina augustae Weijden; Less: 151–156, pl.
9: 7, 9–12, pl. 10: 1–6, 8–12, pl. 11: 1–4, pl. 17: 4. (with four
subspecies and synonymies)
Discocyclina augustae is an unribbed species with a
small, semiiso- to nephrolepidine embryo, narrow and low
“archiaci”-type adauxiliarychamberlets, and also narrow
and relatively low equatorial chamberlets mostly with
“strophiolata”-type growth pattern.
This species commonly occurs in the upper LBFbearing horizons of the Urtsadzor section (samples V0.01
to VI.38). Few measurements on the deutorconch size
(Table 4) suggest transitional populations between D.
augustae olianae and D. a. augustae.
Discocyclina dispansa (Sowerby, 1840) (Figure 25b)
1840 Lycophris dispansus n. sp.; Sowerby: 327, pl. 24:
16.
1987 Discocyclina dispansa (Sowerby); Less: 157–165,
pl. 11: 10–13, pl. 12: 1–12, pl. 13: 1–12, pl. 14: 1–8. (with
seven subspecies and synonymies)
Discocyclina dispansa is an unribbed species with a
small- to medium-sized, seminephro- to trybliolepidine
embryo, moderately wide and high, “archiaci”-type
adauxiliary chamberlets, and equatorial chamberlets.
This species commonly occurs in the upper LBFbearing horizons of the Urtsadzor section (samples V0.01
to VI.38). Rather few measurements of the deutorconch
size suggest transitional populations between D. dispansa
sella and D. d. dispansa.
Discocyclina radians (d’Archiac, 1850) (Figure 25e)
1850 Orbitolites radians n. sp.; d’Archiac: 405–406, pl.
8: 15, 15a–b.
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Figure 24. Discocyclinidae from the Urtsadzor section. a: Discocyclina discus Rütimeyer, sample V0.01, 12491; b: Discocyclina pratti
pratti (Michelin), sample IV.38a, 12492;c–e: D. pratti minor Meffert; c: sample V0.01, 12493.01; d: sample VI.25, 12494.01; e: sample
VI.30, E 2019.41.1. a–e: A-generation, equatorial sections.
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Figure 25. Discocyclinidae from the Urtsadzor section. a, d: Dicocyclina pratti minor Meffert; a: sample VI.38, 12495; d: sample VI.25,
12497.01; b: D. dispansa sella (d’Archiac), sample V0.01, 12496; c: D. pratti (Michelin) indet. ssp., sample VI.25, 12497.02; e: D. radians
(d’Archiac), sample VI.34, 12498; f: D. sp., sample VI.25, 12499. a–f: A-generation; a–d: equatorial sections; e, f: surfaces.
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1987 Discocyclina radians (d’Archiac); Less: 166–
169, pl. 15: 1–15, pl. 16: 1–7. (with three subspecies and
synonymies)
Discocyclina radians is a ribbed species with a smallto medium-sized seminephro- to trybliolepidine embryo,
wide and moderately high, “pratti”-type adauxiliary
chamberlets, and narrow and high equatorial chamberlets
with “pulcra”-type growth pattern.
Few specimens of this species were found in the
uppermost samples of the Urtsadzor section; however,
the embryo of our few preparations appeared to be poorly
preserved.
Family Orbitoclypeidae Brönnimann, 1946
According to Özcan et al. (2019a), this family is
represented in the Tethys by three genera, namely
Orbitoclypeus, Asterocyclina (both can be found in the
Urtsadzor section), and Hexagonocyclina occurring only
in the late Paleocene and earliest Eocene.
Genus Orbitoclypeus Silvestri, 1907
The representatives of three species of this genus were
found in the Urtsadzor section.
Orbitoclypeus varians (Kaufmann, 1867) (Figures 26,
27a)
?1867 Orbitoides varians n. sp.; Kaufmann: 158–160,
pl. 10: 1–10.
1987 Orbitoclypeus varians (Kaufmann); Less: 207–
214, pl. 28: 9–12, pl. 29: 1–12, pl. 30: 1–12, pl. 31: 1–12, pl.
32: 1–4. (with five subspecies and synonymies)
Orbitoclypeus varians is an unribbed species with
“marthae”-type rosette, small- to medium-sized excentrito eulepidine embryo, adauxiliary chamberlets of “varians”
type with moderate size and shape, and also moderately
wide and high equatorial chamberlets arranged into
strongly undulated annuli with “varians”-type growth
pattern.
This species is commonly present in all LBF-bearing
horizons of the Urtsadzor section. Populations from the
upper four samples (Table 4) can be determined as either
O. varians varians or transitional between O. v. scalaris
and O. v. varians.
Orbitoclypeus zitteli (Checcia-Rispoli, 1908) (Figure
27b)
1908 Orbitoides (Orthopragmina) zitteli n. sp.,
Checchia-Rispoli: 7, 14.
2010 Orbitoclypeus zitteli (Checchia-Rispoli); Özcan et
al.: 57, 59, figs. 29f–h. (with synonymy)
Orbitoclypeus zitteli is an average-sized, slightly
flattened unribbed species with ‘marthae’-type rosettes.
The rather large embryo is excentrilepidine (very rarely
eulepidine). The adauxiliary chamberlets are of ‘varians’
type, moderately wide and high. The annuli are almost
circular or very slightly undulated; their growth pattern is
of the ‘varians’ type.
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A number of this species could be found in samples
VI.25 and VI.30. Yücel et al. (2020) have recently extended
its stratigraphic range (starting from the late Lutetian
SBZ16 zone) till the end of the Priabonian (SBZ20);
however, the available morphometric data do not allow
subspecific subdivision of the species during a rather long
interval.
Orbitoclypeus furcatus (Rütimeyer, 1850) (Figures
27c–27e)
?1850 Orbitolites furcata n. sp.; Rütimeyer: 118, pl. 5:
75.
1987 Orbitoclypeus furcata (Rütimeyer); Less: 214–
217, pl. 32: 5–11, pl. 33: 1–7. (with two subspecies and
synonymies)
Orbitoclypeus furcatus is a species with bifurcating ribs,
“marthae” type rosette, and with almost the same internal
characteristics as for O. varians (see above); however, the
undulation of the equatorial annuli is even more expressive.
This species was found in samples IV.38a and VI.30.
Based on rather few measurements of the deuteroconch
size they are closest to O. furcatus rovasendai.
Genus Asterocyclina (Gümbel, 1861)
The representatives of three lineages of this genus were
found in the Urtsadzor section.
Asterocyclina alticostata(Nuttall, 1926) (Figures 27f,
28a–28d)
1926 Aktinocyclina alticostata n. sp.; Nuttall: 151, pl. 8:
6–8.
1987 Asterocyclina alticostata (Nuttall); Less: 240–244,
pl. 43: 9–12, pl. 44: 1–11, pl. 45: 1–11. (with four subspecies
and synonymies)
Asterocyclina alticostata is a star-shaped species
with five to ten ribs and “chudeaui”-type rosette. It has
a medium-sized to relatively large isolepidine embryo,
very few, very wide and moderately low, “alticostata”-type
adauxiliary chamberlets, and also wide and moderately
high equatorial chamberlets arranged into asteroidal
annuli with “strophiolata” or “varians”-type growth
pattern.
A moderate number of this species constantly occurs
in all LBF-bearing horizons of the Urtsadzor section.
Because of the low number of specimens, exact subspecific
determination of different populations is not possible.
Tentatively, however, the one single specimen from sample
IV.38a is close to A. alticostata cuvillieri (Figure 27f),
whereas the four populations from the Priabonian part are
transitional between A. a. alticostata and A. a. danubica.
Asterocyclina stellata (d’Archiac, 1846) (Figures
28e–28g)
1846 Calcarina stellata n. sp.; d’Archiac: 199, pl. 7: 1, 1a.
1987 Asterocyclina stellata (d’Archiac); Less: 233–237,
pl. 37: 1–12, 38: 1–11, pl. 39: 1–4, 7–12, pl. 40: 1–11, pl. 41:
1–6. (with three subspecies and synonymies)
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Figure 26. Orbitoclypeidae from the Urtsadzor section. a: Orbitoclypeus varians scalaris (Schlumberger), sample IV.38a, 12500; b–g: O.
varians varians (Kaufmann); b–e: sample V0.01; b: 12501; c: 12493.02; d: 12502.01; e: 12502.02; f: sample VI.25, 12503.01; g: sample
VI.38, 12504. a–g: A-generation; a–d, f, g: equatorial sections; e: surface.

Asterocyclina stellata is a star-shaped species, usually
with five rays and “marthae”-type rosette. It has a small
semiiso- to nephrolepidine embryo, few, wide and low,

“stellata”-type adauxiliary chamberlets, and narrow and
low equatorial chamberlets arranged into asteroidal annuli
with “strophiolata”-type growth pattern.
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Figure 27. Orbitoclypeidae from the Urtsadzor section. a: Orbitoclypeus varians ex. interc. varians (Kaufmann) and scalaris
(Schlumberger), sample VI.30, E 2019.42.1; b: O. zitteli (Checchia-Rispoli), sample VI.25, 12503.03; c–e: O. furcatus rovasendai (Prever);
c: sample U1407, 12446.01; d–e: sample VI.30; d: E 2019.43.1; e: E 2019.44.1; f: Asterocyclina alticostata cuvillieri (Neumann), sample
IV.38a, 12505. a–f: A-generation, equatorial sections.
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Figure 28. Asterocyclina from the Urtsadzor section. a: Asterocyclina alticostata alticostata (Nuttall), sample V0.01, 12506; b–d:
Asterocyclina alticostata danubica Less; b: sample VI.25, 12494.02; c: sample VI.30, E 2019.45.1; d: sample VI.38, 12507; e, g: A. stellata
stellaris (Brünner in Rütimeyer); e: sample IV.38a, 12508; g: sample VI.25, 12494.03; f: A. stellata indet. ssp., sample VI.38, 12509; h: A.
stella (Gümbel) indet. ssp., sample VI.25, 12497.03. a–h: A-generation; a–e, g, h: equatorial sections; f: surface.
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A number of specimens are recorded almost from all
LBF-bearing horizons of the Urtsadzor section. A limited
number of data in Table 4 suggests populations close to A.
stellata stellaris.
Asterocyclina stella (Gümbel, 1861) (Figure 28h)
?1861 Hymenocyclus stella n. sp.; Gümbel: 653.
?1868 Orbitoides (Asterocyclina) stella (Gümbel);
Gümbel: 716–717, pl. 2: 117a–c, pl. 4: 8–10, 19.
part 1987 Asterocyclina stella (Gümbel); Less: 226–
227, 230–233, pl. 42: 7–12. (with two subspecies and
synonymies)
Asterocyclina stella is a star-shaped species commonly
with five rays and “marthae”-type rosette. It has a small
semiiso- to nephrolepidine embryo, few, wide and low,
“varians”-type adauxiliarychamberlets, and narrow and
low equatorial chamberlets arranged into asteroidal annuli
with “strophiolata”-type growth pattern.
Few specimens occur in almost all LBF-bearing
horizons of the Urtsadzor section. Based on the
deuteroconch size these populations are close to A. stella
stella.
7. Conclusions
The upper part of the middle-upper Eocene of Urtsadzor
section covers the planktonic foraminiferal zones P12
(E10–11), P14 (E14) and P15 (E14–15), the calcareous
nannofossil zones NP16 to NP19, the LBF zones SBZ17,
SBZ18C, SBZ19A with OZ zones OZ12–14, and the
smaller benthic foraminiferal zones of Heterolepa eocaena
– Cibicidoides landjaricus, Cibicidoides truncanus, and
Planulina costata.
(1) Larger benthic foraminifera (LBF). As a result of
the detailed revision of LBF, we identified 24 nummulitid
species and 2 species of Pellatispiridae. The LO of
Silvestriella and Chapmanina in the SBZ18C zone has
been reported for the first time. Thirteen orthophragminid
species are found in the Priabonian and only 6 species are
recorded from the lower Bartonian. The lowest part of
Priabonian is represented in this section by hemipelagic
clays barren in LBF; however, their assemblages in SBZ18C
and SBZ19A subzones are rich, allowing to precise the
criteria for marking the SBZ18/19 boundary. Within
SBZ18C, the HO of Biplanispira, Discocyclina discus,
Nummulites ex gr. lyelli, abundant N. maximus and the
LO of N. hormoensis, Heterostegina reticulata reticulata,
Assilina alpina, Discocyclina pratti minor, and Orbitoclypeus
zitteli are marked. The LO of single Spiroclypeus and
the transitional forms from N. hormoensis to N. fabianii
are characteristic for the base of SBZ19. Some species
traditionally considered as the markers of SBZ19 (SerraKiel et al., 1998) were found in SBZ18C. They are: Assilina
alpina, Nummulites stellatus, Discocyclina pratti minor.
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The species N. biarritzensis and N. maximus are found
at the levels overlying their earlier known stratigraphic
range, including the whole interval of the SBZ18 zone, and
rare specimens of N. maximus persist in SBZ19 zone. The
studied LBF are similar to the Mediterranean ones.
(2) Smaller benthic foraminifera (SBF). The same
succession of SBF assemblages as in Landzhar-Urtsalandzh
sections (Zakrevskaya et al., 2017) is observed in Urtsadzor.
However, the Cibicidoides truncanus zone is correlated
to the Bartonian P14 and NP17 zones in the Landzhar
section, while it corresponds to the Bartonian-Priabonian
interval of NP17–NP18 zones in Urtsadzor section.
(3) The planktonic zonations. In the Urtsadzor section,
the LO of Chiasmolithus oamaruensis and the HO of C.
grandis (the base of Priabonian) correspond to the lower
part of the P14 zone (60 m below the base of the P15 zone
and 65 m below the SBZ18C subzone) and lie between
SB17 and SBZ18C. In the Miralles-La Tossa section of
Spain (Costa et al., 2013) the LO of C. oamaruensis is
situated 400 m below SBZ18b, which can be correlated with
SBZ18B of Less et al. (2008). The top of Morozovelloides in
Urtsadzor is not located above the base of the P15 zone as
it is shown in Pearson et al. (2006) and in Vandenberghe
et al. (2012) but located 100 m below. In the Landzhar
section, the bases of E14 and NP18 zones are also located
10m below of P15 zone and this correlation is the same
as in the Alano section (Agnini et al., 2011). The lowest
and uppermost occurrences of planktonic foraminiferal
and nannofossil index-taxa at the Bartonian/Priabonian
boundary are slightly diachronous between regions.
(4) The domination of planktonic over benthic
foraminifera in the Bartonian-lowest Priabonian
assemblage allows suggesting the upper-middle bathyal
environment. The elongated morphotype of SBF indicates
oxygen deficiency at the bottom water. The SBF assemblage
of Planulina costata zone is more diverse, reflecting the
shallowing of the basin. The systematic composition of
SBF in this time span is similar to the Mediterranean
assemblage (Popov et al., 2001).
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